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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



For: HEAD SUPPORT MECHANISM, 
INFORMATION RECORDING/REPRODUCING 
APPARATUS, AND METHOD OF 
MANUFACTURING HEAD SUPPORT 
MECHANISM 



Assistant Commissioner for Patents 
Washington, DC 20231 

SIR: 

Prior to examination, please amend the above-identified application 

as follows: 

SPECIFICATION : 

On page 1, line 7, insert -THIS APPLICATION IS A U.S. 
NATIONAL PHASE APPLICATION OF PCT INTERNATIONAL 
APPLICATION PCT/JP99/05061-. 



Please replace the paragraph, beginning at page 21, line 17, with 
the following: 

Figures 24A, 24B and 24C are diagrams showing relative positions 
of a driving element of an actuator portion and a disk surface according to 
Embodiment 9. 



Applicant: Kazuo Yokoyama et al. 
Serial No. : To Be Assigned 
Filed: Herewith 



Art Unit- 
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PRELIMINARY AMENDMENT 
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Please replace the paragraph, beginning at page 22, line 25, with 
the following: 

Figures 30A and 30B are diagrams illustrating still another 
example of a restraint alleviation means for an actuator according to 
Embodiment 10. 

Please replace the paragraph, beginning at page 49, line 10, with 
the following: 

The driving principles for head support mechanism 800 according 
to Embodiment 8 will be described. Figure 22 A is a perspective view 
illustrating the expansion/shrinkage of the driving sub-means 15a and 15b 
formed on the head support mechanism 800 after the application of a driving 
voltage. Figure 22B is a perspective view illustrating the translation of the head 
support mechanism 800 after the application of a driving voltage. 

Please replace the paragraph, beginning at page 49, line 20, with 
the following: 

With reference to Figure 22A, when driving voltages are applied 
such that the driving sub-means 15a and 15b will expand or shrink in reverse 
phases, the driving sub-means 15a shrinks in the direction of an arrow DD, 
whereas the driving sub-means 15b expands in the direction of an arrow FF. 
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Please replace the paragraph, beginning at page 49, line 27, and 
continuing to page 50, line 3, with the following: 



With reference to Figure 22B, when driving voltages are applied to 
the driving sub-means 15a and 15b in reverse phases so that an absolute value of 
the driving voltage to the driving sub-means 15b is sufficiently greater than an 
absolute value of the driving voltage to the driving sub-means 15a, a portion of 
the flexure 4 on which the driving sub-means 15b is formed has a sufficiently 
large warp in the direction of an arrow Rl, whereas a portion of the flexure 4 on 
which the driving sub-means 15a is formed has a small warp in the direction of 
an arrow R2. 

Respectfully Submitted, 



Daniel N. Calder, Reg. No. 27,424 
Attorney for Applicants 

Enclosures: 

Check for $2,174 

Version with markings to show changes made 

Dated: March 16, 2001 
P.O. Box 980 

Valley Forge, PA 19482-0980 
(610) 407-0700 

The Assistant Commissioner for Patents is 
hereby authorized to charge payment to 
Deposit Account No. 1 8-0350 of any fees 
associated with this communication. 

EXPRESS MAIL Mailing Label Number: EJ9141 96823US 

Date of Deposit: March 16, 2001 

I hereby certify that this paper and fee are being deposited, under 37 C.F.R. § 1.10 and with 
sufficient postage, using the "Express Mail Post Office to Addressee" service of the United States 
Postal Service on the date indicated above and that the deposit is addressed to the Assistant 
Commissioner for Patents, Washington, D.C. 20231 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

SPECIFICATION : 

Specification at page 1, line 7: 

THIS APPLICATION IS A U.S. NATIONAL PHASE 
APPLICATION OF PCT INTERNATIONAL APPLICATION 
PCT/JP99/05061. 

Specification beginning at page 21, line 17: 

[Figure 24 is a diagram] Figures 24A, 24B and 24C are diagrams 
showing relative positions of a driving element of an actuator portion and a disk 
surface according to Embodiment 9. 

Specification beginning at page 22, line 25: 

[Figure 30 is a diagram] Figures 30A and 30B are diagrams 
illustrating still another example of a restraint alleviation means for an actuator 
according to Embodiment 10. 



Specification beginning at page 49, line 10: 

The driving principles for head support mechanism 800 according 
to Embodiment 8 will be described. Figure [22] 22A is a perspective view 
illustrating the expansion/shrinkage of the driving sub-means 15a and 15b 
formed on the head support mechanism 800 after the application of a driving 
voltage. Figure [22] 22B is a perspective view illustrating the translation of the 
head support mechanism 800 after the application of a driving voltage. 
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Specification beginning at page 49, line 20: 

With reference to Figure [22] 22A, when driving voltages are 
applied such that the driving sub-means 15a and 15b will expand or shrink in 
reverse phases, the driving sub-means 15a shrinks in the direction of an arrow 
DD, whereas the driving sub-means 15b expands in the direction of an arrow 
FF. 

Specification beginning at page 49, line 27, and continuing to page 

50, line 3: 

With reference to Figure [22] 22B, when driving voltages are 
applied to the driving sub-means 15a and 15b in reverse phases so that an 
absolute value of the driving voltage to the driving sub-means 15b is sufficiently 
greater than an absolute value of the driving voltage to the driving sub-means 
15a, a portion of the flexure 4 on which the driving sub-means 15b is formed has 
a sufficiently large warp in the direction of an arrow Rl, whereas a portion of 
the flexure 4 on which the driving sub-means 15a is formed has a small warp in 
the direction of an arrow R2. 
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DESCRIPTION 

HEAD SUPPORTJESBML^^ RECORDING/REP RODUCING 
APPARATUS , AND METHOD OF^ MANU FACTURING 
HEAD SUPPORT MECHANISM 



TECHNICAL FIELD 

The present invention relates to a head support 

10 mechanism, an information recording /reproducing apparatus 
incorporating the same, and a method of manufacturing the 
head support mechanism. More particularly, the present 
invention relates to a head support mechanism including a 
micro -movement driving means, aud an information 

15 recording/reproducing apparatus incorporating the same, 
and a method of manufacturing the head support mechanism. 



BACKGROUND ART 

20 Magnetic dieK apparatuses as information 

recording/reproducing apparatuses have been used as chief 
external memory devices for computers because of their large 
capacity , high transfer rates, and high-speed random acceas 
capabilities. In particular , there is a marked recent 

25 trend toward larger capacity magnetic disk apparatuses, the 
density being increased at an annual rate of 60S. 
Correspondingly, the size of bit cells recorded in a disk 
is decreased, leading to a need for even narrower tracks. 
For example, in order to achieve an areal recording density 

30 of 20 to 40 Gbits/in 3 , a sub-micron track pitcn of a. 35 fim 
or less is expected to be required. Precise and high-speed 
tracking control is being pursued for the stabilization of 
signals in recording and reproducing information on such 
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narrow tracks , 



A conventional magnetic disk apparatus typically 
has a head for recording and reproducing Information on a 
5 disk medium , a slider carrying the head, a head support 
mechanism for supporting the head via the slider, and a 
driving means for causing the head to traok to a 
predetermined position on the cllsJc medium via the head 
support mechanism. In conventional disk apparatuses, the 
10 driving means is generally implemented as a single stage 
of a rotary VCM (voice coil motor). 

Such a single-stage driving means Imposes some 
limits to the realization of high-pred si on tracking for 

15 the above-described narrow track pitoh on the order of 
sub-microns. Various techniques have been devised in 
which a second stage of a micro -movement driving means is 
need in addition to the first stage or the main driving means . 
Kb such a two -stage controlled actuator, a mode in which 

20 a head support mechanism (i- a., suspension) is driven, a 
mode in which a slider is driven , a mode in which a head 
element is mounted on a slider, and the like, have been 
devised . 

25 The functions of a head support mechanism of a 

magnetic disk apparatus include pressuring a slider toward 
a disk against a force acting on the slider due to the 
proximity flying, or contact with, a rotating disk, causing 
the slider to track a waving disk surface, and the like. 

30 Accordingly, the head support mechanism is composed of a 
plurality of members so that these functions are assigned 
to the individual members, The member for serving the 
former function is referred to as a load beam. The member 
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for serving the latter function is referred to as a flexure 
or gimbal (hereinafter referred to as a "£ lexure" ) . 

Japanese Laid-open Publication No, 9-73746 
5 discloses a head support mechanism Including micro -movement 
driving means euch that first and second piezoelectric thin 
films are provided m parallel on one surface of a load beam 
in a longitudinal direotion thereof, and third and fourth 
piezoelectric thin films are provided facing the opposite 

10 surface. However, in order to obtain a large displacement 
for enabling tracking in this structure, it is necessary 
to esspand or contract (deform) the piezoelectric thin films 
against a substantial inplane rigidity, which requires a 
high driving voltage (c» g. , 50 V) because the expansion 

15 and contraction directions (displacement direction) of the 
piezoelectric thin film ore within the plane of the 
piezoelectric thin film. 

Japan Society of Mechanical Engineers, the 75th 
20 Ordinary General Meeting Convention Speech Papers (IV) 
(1998, March 31 to April 3, Tokyo), pp. 20A-2Q9 discloses 
a two* stage controlled actuator mounted on a back face of 
a slider- This amounts to a driving mode in which 
piezoelectric ceramics are employ od as micro -movemont 
25 driving means, and in which a multi- layer structure is 
adopted in order to r.educe a driving voltage. A multi- 
layer structure including a multitude of layers is designed 
so as to reduce a driving voltage. In this case, too, Lhe 
expansion and contraction directions (displacement 
30 direction) of the . piezoelectric ceramics are within the 
plane of the piezoelectric ceramios multi-layer structure . 
Therefore, the piezoelectric ceramics need to be expanded 
or contracted (deformed) against a substantial inplane 
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rigidity, which disadvantageously requires a considerably 
high applied driving voltage (e. g., 20 V), similar to the 
above-dascribad conventional example disclosed in Japanese 
Laid-open Publication No. 9-73746. Since this two-stage 
5 controlled actuator is o£ a type which is mounted on the 
back face of a slider, a thickness of the magnetic disk 
apparatus in a height direction thereof is increased, which 
hinders the reduction in size and thickness of the magnetic 
disk apparatus. 

10 

An applied driving voltage of several tens of volts 
is .faquir en for the a hove- described conventional micro- 
movement driving means. Whereas a typical reproduction 
signal in a magnetic disk apparatus 1 s generally on the order 
15 of millivolts, the driving voltage for the above- desoribed 
conventional micro-movement driving means is on the order 
of several tens of volts. Therefore, some influence is 
expected on the reproduction signal due to the driving of 
the micro -movement driving means* 

20 

With the above-described conventional example, it 
may be difficult to obtain a large displacement for tracking 
along a tracking direction, or a high driving voltage may 
be required to obtain a large displacement, indicative of 
25 problems associated with a poor driving efficiency. 

Furthermore, there are structural disadvantages in 
view of reduction in size and mass of the magnetic disk 
apparatus . The present invention was made in order to solve 
30 these conventional problems. 

An objective of the present invention is to provide; 
a head support mechanism Including micro -movement driving 
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moans which realizes high-speed and high-precision tracking 
so as to be compatible with narrow track pitches required 
due to an increasing areal recording density while the 
micro -movement driving means is easy to produce and is driven 
5 with a low driving voltage at a practical level; an 
information recording/reproducing apparatus incorporating 
the same; and a method of manufacturing the head support 
mechanism . 

10 DISCIrOSUISB OF THE INVENTION 

A head support mechanism according to the present 

invention is a head support mechanism comprising a head and 
a slider for carrying the head, the head being caused to 

15 tracX by main driving means, wherein: the head support 
mechanism further comprises driving sub-means comprising 
a thin film and causing the head to have a micro -movement ; 
and the driving sub-means causes the head to have a 
micro -movement by utilizing flexurol deformation of Lhe 

20 thin film. As a result, the aforementioned objective of the 
present invention is accomplished, 

The Lhiii'film may have a film thickness equal to or 
less than 10 Mm, 

25 

The thin film jnay be formed on a base material and 

has a film tnicKness egual to or less than 10 urn: and the 
thin film may be formed on the base material by using a film 
growth process, 

30 

The film growth process may comprise a direct film 
growth process. 
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The film grow Lh process may comprise a transcription 

process. 

The thin film and the slider may be disposed along 
5 a tracking direction of the head. 

An information recording/reproducing apparatus 
* i 

according to the present invention is an information 

recording/ reproducing apparatus comprising* a haad support 

10 mechanism having a head and a slider for carrying the head; 

main driving means for causing the hAad to track via the 

head aupport mechanism, so that information on a disk is 

recorded/reproduced by means of thft h«ad, wherein: the head 

O support mechanism comprises driving sub-means comprising 

IS a thin film and causing the rmad to have a micro -movement ; 

III and the driving sub -means causes the head to have a 

St micro -movement by utilizing flexural da-Formation of thft 

:{! thin film. As a result, the aforementioned objective of the 

|j present invention is accomplished . 

r 20 

O Tha thin film may be formed so that the thickness 

hf direction substantially coincides with a tracking direction 

jU a* the head- 

^ 25 The thin film may have a film thinlcnflflfl ftqual tn or 

less than 10/£m* 

A main portion of a member comprised by Lhe driving 
sub-means may be disposed in a space within the thickness, 
30 from the disk surface , of the slider* along a height 
direction. 



The driving eub-meano may be in the vicinity of a 
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position along a height direction from the disK surface of 
a center of gravity of the slider „ 

The head oupport mechanism may include a plurality 
5 of thin plate spring portions formed substantially 
perpendicular to the disk surface. 

The driving sub-means further may comprise a base 
material to function as an actuating plate; and the bass 
10 material may comprise a spring material. 

The driving sub-means may be of a piezoelectric type , 
electrostatic type, electromagnetic type, magnstostrictive 
type, or shape memory alloy type. 

16 

The driving sub -means may comprise a piezoelectric 
material, electrostridtive material, or magnetostrictive 
material. 

20 The head support mechanism may comprise; a first 

member coupled to the slider j and a second member coupled 
to the main driving means, wherein the driving sub-means 
may be formed on the first member. 

25 The first member may comprise a flexure for causing 

the slider to follow the disk surface. 

\* 

The first member may further comprise a thin metal 
plate i the thin metal plate includes a bent portion which 
30 is formed by bending; and the driving sub-means may be f ormed 
on the bent portion. 

The bent portion may be bent in a direction which 
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1b substantially perpendicular to the disk aurface; and til© 
bent portion may include a grooved portion for enhancing 
the processing precision of the bending. 

5 The bent portion may be formed so that its bent 

height dimension is smaller than a dimension of the slider 

along a first direction which is a rotation axis direction 
'* i 

of the disk; and a dimension of the driving sub-means along 

the first direction may be smaller than the dimension of 

10 the slider along thft first direction. 

The head support mechanism may further comprise a 
driving sub-means formation member on which the driving 
sub-means is formed; and recording/ reproducing signal 
15 wiring coupled to the head may be formed on the driving 
sub-means formation member . 

The head support mechanism may include a plurality 
of parallel spring portions formed substantially 
20 perpendicular to the disk surface; the driving sub-means 
may be formed on the plurality of parallel spring portions? 
and the driving sub-means may translate the head along a 
tracking direction. 

25 The head support mechanism may include a plurality 

of plate spring portions disposed in a radial arrangement 
from a rotation center; the driving sub-means may be formed 
on the plurality of plate spring portions; and the driving 
sub -means may rotate the slider around the rota Lion center, 

3D and cause the head to have a micro -movement along a tracking 
direction. 



The plurality of plate spring portions may comprise 
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a plate spring portion having a longitudinal direction along 
the treating direction. 

The plurality of plate spring portions may comprise 
5 a plate spring portion having a longitudinal direct ion along 
a direction substantially perpendicular to the tracking 
di rant ion - 

The head support mechanism may comprise a pair of 
10 driving sub-means. 

The driving sub-means may be located so as to be 
substantially parallel to a direction in which the slider 
is disposed. 

IS 

The driving sub-means may be disposed in such a 
manner that extensions of directions in which the driving 
sub-means are disposed constitute predetermined angles with 
respect to an extension of a direction in which the slider 
20 is disposed, so as to intersect at a leading end of the head 
support mechanism. 

The driving sub-means may constitute an angle equal 

to or greater than 13° with a plane perpendicular to disk 
2fi surface «. 

The head support mechanism may further comprise a 
first member coupled to the slider; the driving sub-means 
may be formed on the first member; and the driving sub- 
30 means may be disposed in such a manner that a center of 
gravity of the first member is located in the vioinity of 
an intersection between extensions of directions in which 
the driving sub -means arc disposed. 
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The head support mechanism may comprise two or more 
pairs of driving sub -means. 

S The driving sub-means may be formed by using a 

semiconductor process. 

The driving sub -means may comprise restraint 
alleviation means for restraining at least a portion of the 
10 thin film. 

The restraint alleviation means may comprise means 
for weakening the rigidity of the driving sub-means , 

15 The restraint alleviation means may coniprise a 

spring structure . 

The restraint alleviation means may comprise a low 
rigidity material. 

20 

The restraint alleviation means may comprise wiring 
for applying to the thin film a driving voltage for driving 
the thin film. 1 , 

25 The information recording/reproducing apparatus 

may further comprise control means for controlling the main 
driving means and the driving sub-means, 

The thin film may be formed on a base material ; and 
30 the thin film may be formed on the base material by using 
a film growth process. 

The film growth process may comprise a direct film 
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growth process . 

The thin film may comprise a metal film, an 
underlying layer, a thin film piezoelectric, ana a metal 
5 electrode film, which are sequentially layered on the base 
material <, 

The thin film may comprise an insulation film, a 
metal film, an underlying layer, a thin film piezoelectric, 
10 and a metal electrode. film 4 which arft sequentially layered 
on the base material. 

The thin film may comprise a metal film, an 
underlying layer, a thin film piezoelectric, and a metal. 
15 electrode film, which arc sequentially layered on the base 
material m a vacuum chamber. 

The thin film may comprise an insulation film, a 
metal film, an underlying layer , a thin film piezoelectric , 
20 and a metal electrode film, which are sequentially layered 
on the base material in a vacuum chamber* 

The thin film may comprise a metal film; and the 
metal film may be farmed by either a vacuum process or a 
25 proceed in a liquid. 

The film growth process may comprise a transcription 

process _ 

HO The thin film may be formed of a multilayer film 

having a metal film, a thin film piezoelectric, an underlying 
layer, and a metal electrode film, adhered on the base 
material . 
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The thin film ana the slider may be disposed along 
a tracking direction of the head. 

5 The thin film may be formed on the base material in 

such a manner that the thickness direction substantially 
coincides with a tracking direction of the head. 

The thin film may be formed on the base material in 
10 such a manner that the thickness direction is substantially 
perpendicular to the disk surface* 

The base material may be elastic; and the base 
material may have a thickness such that a f lexural rigidity 
15 required for allowing the slider to follow the waving disk 
surface and a displacement required for tracking are both 
obtained. 

The thickness of the base material may be equal to 
20 or greater than 0.5 Mm and equal to or leao than 50 Mm. 

The base material may be formed of stainless steel. 
The base material may be formed o£ silicon . 

25 

The thin film may comprise a thin film 
piezoelectric; and the thin film piezoelectric may be formed 
by an rf sputtering method, an ion beam sputtering method, 
a sol- gel method, a CVD method, or a laser ablation method. 

30 

The thin film piezoelectric may comprise a FZT film. 



The thin film piezoelectric may comprise a zno film. 
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The thin film piezoelectric may comprise a pvdf 

film. 

5 The thin film may bo formed on both sides of the base 

material so as to interpose the base material therebetween. 

•* i 

The thin film may comprise a thin film 

piezoelectric; and the thin film piezoelectric may be 

10 entirely covered by an insulation film. 

The mauifltion film may comprise a material whose 
main component is polyimide, an SAM film, an LB film, or 
a nitride. 

15 

The thin film may comprise a pair of thin films; the 
pair of thin films may be disposed substantially parallel 
to the disk surface; and voltages having reverse phases may 
be applied to the thin film provided on one side of the head 
20 and The thin film provided on the other side of the head 
so that the thin films warp in opposite directions. 

The thin film may comprise a pair of thin films; 
the pair of thin films are disposed substantially 
25 parallel to the disk surface? and voltages having the same 
phase may.be applied to the thin film provided on one side 
of the head and the thin film provided on the other side 
of the head so that the thin films warp in the same direction, 

30 The thin film may comprise an underlying layer. 

The underlying layer may comprise a PT layer , a PLT 
layer, a FBT103 layer, an SrT103 layer, or a aaTi03 layer. 
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10 



30 



The PLT layer may contain substantially no 2fr. 

The thin film may comprise a metal film which is 
layered ad}acent to the underlying layer; and the m«tal film 
may comprise either a platinum film or a titanium film. 

The base material may include wiring for applying 
a voltage to the thin film. 

The wiring may be formed after the thin film iff 
formed on the base material* 



A method for manufacturing a head support mechanism 
15 is a method for manufacturing a head support mechanism 
comprising a head and a slider for carrying the head, the 
head being caused to track by main driving means, wherein t 
the head support mechanism further comprises driving 
sub-means comprising a thin film and causing the head to 
20 have a miaro -movement ; the driving sub-means causes the head 
to have a micro -movement by utilizing f lexural deformation 
of the thin film'; the thin film is formed on a base material? 
and the thin film is formed on the base material by using 
a film growth process , comprising: a first step of forming 
25 the thin f *1 1m on the base material by using a film growth 
process; and a second step of attaching the slider carrying 
the head onto the base material- As a result, the 
aforementioned objective of the present invention is 
accomplished . 



The first step may comprise a third step of forming 
the thin film on the base material by using a direct film 
growth process, 
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The third step may comprise a fourth step of 
sequentially layering a metal film, an underlying layer, 
a thin film piezoelectric, and a metal electrode film on 
5 the base material* 

The third step may comprise a fourth step of 

i 

sequentially layering an Insulation film, a metal film, an 
underlying layer, a thin film piezoelectric, and a metal 
10 electrode film on the base material. 

The thin film may comprise a metal film? and the 
third step may comprise a fourth step of forming the metal 
film by either a vacuum process or a process in a liquid. 

IS 

The f 1 rat step may comprise a third step of forming 
the thin film on the base material by using a transcription 
process - 

20 The third step may comprise : a fourth step of 

sequentially layering a metal film, an underlying layer, 
a thin film piezoelectric, and a metal electrode film on 
a transcription substratej a fifth step of adheriug the base 
material to a layering surface of the transcription 

25 substrate; and a sixth step of removing the transcription 

substrate from the metal film. 

\* 

The transcription substrate may be formed of MgO, 
sapphire, strontium titanate, or silicon. 

The base material may be formed of stainless steel. 



The base material may be formed of silicon. 
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The thin film may comprise a thin film 
piezoelectric; the first step may comprise a third step of 
forming the thin film piezoelectric by an rf sputtering 
5 method, an ion beam sputtering method, a sol- gel method, 
a cvd method, or a laser ablation method. 

The first step may comprise a third step of forming 
the thin film on both sides of the base material so as to 
10 interpose the base material therebetween- 

1?he thin film may comprise a thin film 
piezoelectric; end the first step may comprise a third step 
of forming the thin film piezoelectric. 

15 

The thin f ilm piezoelectric may comprise a PZT film. 

The thin film piezoelectric may comprise a ZnO film. 

20 The thin film piezoelectric may comprise a PVDP 

film. 

The thin film may comprise a thin film 
piezoelectric* and the first step may aomprise a third step 
28 of entirely covering the thin film piezoelectric with an 
insulation film. 

The insulation film may comprise a material whose 
main component is of polyimide, an SAM film, an LB film, 
30 or nitride. 

The first etep may comprise a third atep of forming 
xne thin film on both sides of a position at which the head 
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is attached with respect to tracking direction of the head. 

The thin film may comprise an underlying layer? and 
the first step comprises a third step of forming the 
5 underlying layer. 

The underlying layer may comprise a PT layer , a PLT 
layer, a PBT103 layer, an SrTi03 layer, or a BaTi03 layer. 

10 The PLT layer may contain substantially no Zr- 

The first step may comprise a fourth step of forming 
a metal film which is layered adjacent to the underlying 
layer* and the metal film may comprise either a platinum 
15 film or a titanium film* 

The method for manufacturing a head support 
mechanism may further comprise , after the thin film is formed 
on the base material, a third step of forming wiring on the 
20 base material for applying a voltage to the thin film. 



BRIEF DESCRIPTION OP THE DRAWINGS 

25 Figure J^-±s a perspective view showing a head 

support mechanism according to Embodiment 1 of the present 
Invention . 

Figure 2 is a partially-enlarged perspective view 
30 showing a head support mechanism according to Embodiment 1 
of the present invention. 

Figure 3 is a diagram showing a magnetic disk 
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apparatus incorporating' a head support mechanism according 
to The present invention. 

Figure 4 is a vertical cross -sectional view of a 
5 main portion o£~~&"""magnctic disk apparatus according to 
Embodiment 1 of tlie present invention . 

Figure 5 is a partially- an larged' perspective view 
showing the neighborhood o£ a slider support member 
1Q according to Embodiment "U 

Figure 6A is partially- enlarged perspective view 
showing a sllder~siipport member according to Embodiment 1. 

16 Figure 6B is a partially-enlarged perspective view 

illustrating a structure according to Embodiment 1. 

Figure IK 1s a partially- enlarged plan view 
illustrating tHSToperntion according to Embodiment 1» 

20 

Figure 7B is a partially- enlarged plan view 
illustrating t he~'~op era t ion according to Embodiment 1, 

Figure 7C is a partially- enlarged plan view 
25 illustrating ther-operation according to Embodiment l. 

Figure 7D is a perspective view showing a head 
support mechand^frrt.05 after the application of a driving 
voltage. 

30 

Figure JQS^to Figure 7G are diagrams illustrating 
flaxural deformation of a thin film. 
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Figure 8 is a partially- enlarged perspective view 
showing a head support mechanism according to Embodiment 2 . 

Figure 9 is a partially-enlarged perspective view 
5 showing a head s upport mechanism according to Embodiment 3 . 

Figure 10 is a partially- enlarged perspective view 
illustrating a^structure according to Embodiment i. 

10 Figure 11 .is a partially-enlarged perspective view 

illustrating a "structure according to Embodiment 5. 

Figure 12 is a partially-enlarged plan view 
Illustrating a~sY!mcture according to Embodiment 5. 

15 

Figure 13 is a partially-enlarged perspective view 
illustrating a ^re^uoture according to Embodiment 5. 

Figure 14 is a partially-enlarged perspective view 
20 showing anotheap— head support mechanism according to 
Embodiment 5. 

Figure ISA is a perspective view showing another 
head support maofeanism according to Embodiment 5 prior to. 
25 the application of a driving voltage. 

Figure 15B is a perspective view showing another 
head support me6EaJttsm according to Embodiment 5 after the 
application a£ a driving voltage. 

30 

Figure 16A is a plan view af another head support 
mechanism according to Embodiment 5 prior to the 
application of a driving voltage. 
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Figure 163 and Figure 16C are plan views of anorher 
head support mecHarTism according to Embodiment B after the 
application of a driving voltage, 

5- 

Figure 17A to Figure 17D are cross -sectional views 
illustrating a method for manufacturing driving sub-means 
according to Embodiment fi utilizing a direct film growth 
process , 

1Q 

Figure 18 is a flowchart of a method lor 
manufacturing ^sfhead support mechanism according to 
Embodiment G utilizing a direct film growth process. 

15 Figure 19A to Figure 19F are cross- sectional views 

illustrating a method for manufacturing driving sub-means 
according to Embodiment 7 utilizing a transcription 
process . 

20 Figure 20 is a flowchart of a method for 

manufacturing e~head support mechanism having driving 
sub-means formed thereon according to Embodiment 7 
utilizing a transcription process. 

2S Figure ^21 is a partially-enlarged perspective view 

showing head support njechanism according to Embodiment 8. 

Figure 22A is a perspective view illustrating the 
expansion/ shrinkage of driving sub-means formed on a head 
30 support mechanism according to Embodiment 8 after the 
application of a driving voltage. 

Figure 22B is a perspective view illustrating a 



2001$ 3/jl4_ 20:36 



S. YAMAMOTO CSMA 



P, 156/.G2 



21 - P21480 



translation of a bead support mechanism acaording to 
Embodiment 8 after the application of a driving voltage. 

Figure %3A is a perspective view illustrating the 
5 expansion/shrinkage of driving sub-means formed on a head 
support mechanism according to Embodiment 8 after the 
application of a driving voltage* 

Figure 23B is a diagram illustrating the state of 
10 driving sub-means and a flexure according to Embodiment 8 
prior to the application of a driving voltage. 

Figure 23C is a diagram illustrating the state of 
driving sub-meSHs-and a f lexure according to Embodiment 6 
15 after the application of a driving voltage. 

Figure 24 is a diagram showing relative positions 
of a driving element of an actuator portion and a disk surface 
according to Embodiment 9 - 



25 



Figure 25 is a diagram illustrating angles 
constituted by driving elements of an actuator portion and 
a plane perpendicular to a disk surface according to 
Embodj ment 9 - 



Figure 26A and Figure 26B are diagrams 
illustrating the operation of an actuator according to 
Embodiment 9. 

30 Figure 27 is a diagram illustrating positions at 

which to construct a restraint alleviation means for an 
actuator according to Embodiment 10, 
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Figure 2BA is a diagram Illustrating an example of 
a restraint alleviation means for an actuator according to 
Embodiment 10. 

5- Figure 28B ±3 an enlarged view of a restraint 

alleviation meansT for an actuator according to 
Embodiment 10. 

Figure 29A is a diagram illustrating another 
10 example of a restraint alleviation means for an actuator 
according to Embodiment 10 . 

Figure j9B i s a die gr am illustrating still another 
example of a restraint alleviation means for an actuator 
15 according to Embodiment 10* 

Figure 29C is a diagram illustrating still another 
example of a restraint alleviation means for an actuator 
according to Embodiment 10. 

20 

Figure 29D is a diagram illustrating still another 
example of a rswfe*ralnt alleviation means for an actuator 
according to Embodiment 10. 

25 Figure 30 is a diagram illustrating still another 

example of a restraint alleviation means for an actuator 
according to Embodiment 10 > 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 

{Embodiment 1) 

Figure 1 is a perspective view showing a head 
support mechanism according to embodiment l of the present 
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Invention. Figure 2 is a partially- enlarged perspective 
view showing the head support mechanism according to 
Embodiment l or the present invention. 

5 Both of these figures are perspective views showing 

the head support mechanism as Viewed from a disk surface. 

Figure 3 is a perspective view showing a magnetic 
disk apparatus incorporating the head support mechanism 
10 according to the present invention. Figure 4 is a vertical 
cross -SACtional. view showing a main part of the magnetic 
disk apparatus incorporating the head support mechanism 
according to the present invention. 

15 In Figures 1 to 4, reference numeral 1 denotes a 

head for recording and reproducing information? Z denotes 
a slider carrying the head; 3 denotes* a disk which is rotated 
lay a motor and on which information is recorded or 
reproduced; 4 demotes a main driving means for causing the 

20 head to track? 4a denotes an arm constituting a portion of 
the main driving means; 5 denotes a head support mechanism; 
and 6 denotes a tracking direction. 

Reference numeral 11 denotes a spindle motor for 
■ 25 rotating the magnetic disk 3, which is preferably a DC 
brushless motor because of its high rotation precision and 
reliability- Reference numeral d denotes the main driving 
means for moving a flexure 5b along a radial direction on 
the magnetic disk surface so as to position the magnetic 
30 head 1 at a target track position. The flexure 3b, which 
is attached to a flexure 5c , is fixed to an arm 14 via a 
fixing member 5*. A head actuator 4a, which is rotatably 
supported on a chassis body 16 of the magnetic disk apparatus 
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via a pivot bearing incorporating a ball bearing or the like, 
is rotated by a voice coil motor 4b. The voice coil 
motor 4b is controlled by a driving control apparatus (not 
shown ) . The material of the head actuator 4a is preferably 
5 an aluminum alloy which is light-weight and expected to be 
highly rigid. The voice coil motor 4b is composed of a coil 
portion and a magnet portion opposed to the coil portion 
with an appropriate interspace therebetween. The coil 
portion is composed of polyurethane copper wire. The 

10 magnet portion, which is fixed on the chassis 16, io composed 
of multilayers of a metal magnet material having a high level 
of coercive force (©- g- , rare earth metal) provided on an 
iron plate serving as a yoke. A single magnetic disk 
apparatus typically includes plural sets of the magnetic 

15 disk 3, the slider 2, and the flexure 5b for an increased 
storage capacity, as shown in Figure 4. 

In Figure 1, the head support mechanism 5 further 
includes two major members: the flexure 3b having 

20 micro-movement driving sub-means Sa # which are separate 
from the main driving means 4, and having an appropriate 
flexural rigidity for allowing the slider 2 to follow a 
waving surface of the disk 3; and the load beam 3a for 
pressing the slider 2 toward the surface of the disk 3 with 

25 an appropriate force, 

Note that in Figure 1, which is a perspective view 
as seen from the disk surface, a position at which the load 
beam So applies a load on the slider 2 is hidden from view. 
30 However, the load beam 5c abuts with the slider 2 
substantially at the center of gravity of the slider 2. 



Reference numeral 5d denotes a fixing member far 
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coupling tho head support mechanism with the arm 4a 
composing the main driving means. Tt is possible to omit 
54 so that the load beam So is directly coupled to the arm 4a« 
Wiring 5a used for driving the micro -movement driving 
5 sub -means 5a is provided on the flexure 5b. Although not 
shown, wiring for coupling recording/ reproduction signals 

in the head may similarly be provided on the flexure 5b. 

* t 

Figure 2 shows a. tip portion of the flexure Sb 
10 composing the head support mechanism 5. Tho micro- 
movement driving sub -means 5a are composed of thin films 
or sheet-like piezoelectric members. By applying a 
Voltage Lo a plurality of electrodes (not shown) provided 
on ■ both sides of each piezoelectric member, the 
IS piezoelectric members are warped along a thickness 
direction due to a unimorph type piezoelectric actuation 
function composed of the flexure base material and the 
piezoelectric members , so as to be movable along the tracking 
direction 6. 

20 

According Lo the present embodiment, in order to 
realize an ideal translation mechanism so that the locus 
of the slider 'movement becomes parallel, a pair of 
micro -movement driving sub-means 5a are provided, thereby 

25 obtaining a thin parallel-plate spring structure. By 
utilizing the warping, of the piezoelectric members along 
the thickness direction thereof as driving means, it is 
possible to obtain a large displacement required for 
tracking through low voltage driving. By constructing the 

30 main portions of the micro -movement driving sub-means 5a 
so as to fit in a space within the thickness, from the disk 
surface , of the elidcr 2 (along a height direction), art 
• increase in the thickness of the d1 sk apparatus if? prevented. 
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As a result, the size and thickness of the disk apparatus 
can be reduced. In accordance with this structure, the 
height of the center 2a of gravity of the slider 2 from the 
disk surface and the height of the micro -movement driving 
5 sub-means 5a become substantially the same. As a result, 
an unwanted bending moment associated with driving can be 
prevented from occurring in the slider. 

The base material for the flexure 5b may be any thin 
10 plate material having elasticity. However, it is 
desirable to employ a thin metal plate, a, g,^ a stainless 
steel sheet having a thickness of 0, 5 fJ>vx Lo 30 with 
a thin film piezoelectric member having a thickness of 10 
Jr? Wsi or less (e. g., FZT, PLT, or PLZT) and electrodes formed 

15 therecn, whereby an appropriate flexural rigidity, which 
CO is required for the flexure, and a driving efficiency for 

2 obtaining a large displacement through low voltage driving,, 

m which is required for tracking M can be reconciled, 

1^ 20 For example, a unimorph type actuator featuring a 

S cantilever having a width n. 25 mm and a length of 1 mm made 

M of 25 #m- thick stainless at tsel with a 3 Mm- thick P2T thin 

H= film piezoelectric member and electrodes formed thereon can 

r! provide a displacement oxa the order of 1 iim through low 

25 voltage driving between -3 V to +3 V. 

The disclosed conventional driving mechanism 
already described in the prior art section cannot achieve 
a displacement on the order of 1 Mm through such a low 
30 voltage driving. Although the present embodiment adepts 
a unimorph type micro -movement driving sub -means format, 
a bimorph type driving sub -means may be composed by 
constructing thin film piezoelectric members- on the other 
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side of the flexure as well. In this case, there is an 
advantage In that an even larger displacement con be obtained 
with the same driving voltage, hut there is also a 
disadvantage of complicated construction . 

By employing a thin metal plat© for the base material 
composing the flexure , there is provided a significant 
manufacturing advantage in that a head support mechanism 
structure including the driving sub-means shown in Figure 1 
or 2 can be easily produced by bending a Lhin me Lai plate. 

Thus, according to Embodiment 1 ol the present 
invention, there can be provided a head support mechanism 
including micro-movement driving means whioh realizes 
high-speed and high -precision tracking so as to be 
compatible with narrow track pitches required due to an 
increasing areal recording density while the micro-movement 
driving means is easy to produce at a prac Ileal level, as 
well as a magnetic disk apparatus incorporating the same. 

Referring to Figures 5, 6A, and 6B, a variant of the 
head support mechanism according to Embodiment 1 is 
described. Component members which are identical to those 
of the head support meahanism 3 are denoted by the same 
reference numerals . Detailed description of such members 
is omitted. y 

Reference numeral 1 denotes a magnetic head for 
recording or reproducing data in a certain track on a 
magnetic disk 3* 2 denotes a slider carrying the magnetic 
head 1; 5b denotes a flexure which elastioally supports the 
slider 2 while tolerating changes in the posture thereof, 
with a gimbal portion 5bl for affixing the slider 2 being 
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provided at one end, The affixing of the sutler 2 can 
properly be achieved by adhesion. The flexure 5b is 
prefera&iy composed of a thin stainless steel plate for plate, 
springs so as to b© able to easily and accurately generate 
5 a very small elastia biasing fore© of several grams. A 
wiring pattern for transmitting electrical signals is 
formed on the f lexure 5b. Since the increase in recording 
density will promote downsizing of the magnetic head 1 and 
the slider 2, it is considered that wiring patterns will 
10 be commonly used in future, instead of lead wires, 

Reference numerals 15a and 15b denote a pair of 
driving sub -means which are provided in the vicinity of both 
sides of the slider 2 with respect to a radial direction 

15 on the magnetic disk surface, the pair of driving sub-means 
being affixed to the flexure 3b. The driving sub* 
means 15a and 15b are affixed to a pair of driving sub- 
means attachment portions 3b3 and 5b4 which are bent 
substantially at a right angle in the vicinity of both sides 

20 of the gimbal portion Sbl. As shown In Figure SA, the pair 
of driving sub-means attachment portions 5b3 and 5b4 are 
bent toward the side on which to attach the slider 2 to Lhe 
gimbal portion Sbl, with a bent height which is smaller than 
a dimension {"slider thickness dimension" } of the slider 2 

2S along a rotation axis direction of the magnetic disk {i- 
e., the direction of ein arrow 2b). The dimension of the 
driving sub-means 15a and 15b along a rotation axis 
direction of the magnetic disk is smaller than the dimension 
of the slider 2 (slider thickness dimension) along that 

30 direction. In other words, the bent height dimension h4 
of the driving sub-means attachment portions, the slider 
thlcKness dimension h3, the dimension h7 of the driving 
aub -means along the rotation axis direction of the magnetic 
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disk, and an amount of change Ah in the posture of the 
slider 2 along the rotation axis direction of the magnetic 
disk are at positions satisfying the relationship 
represented by formulae 1 end 2? 

5 

[formula 11 
h4 < h3 + Ah 

[formula 2] 
10 h7 < &3 + Ah 

The reason fur tile bond toward the side on which the 
slider 2 is attached to the gimbal portion 5bl is in order 
to prevent the wiring pattern fanned on the flexure 5b from 
15 being damaged due to the bending, and to increase the 
mounting density with which to dispose component members 
in a narrow space between magnetic disks as shown in 
Figure 4. 

20 The affixing of the driving sub-means 15a and 15b 

is preferably achieved via adhesion, film growthj or the 
like. In the present embodiment, the driving sub- 
meane 15a and 15b ara disposed so as to be parallel to a 
direction in which the slider 2 is disposed (1„ e», the 

25 direction of an arrow 2C), 

&e shown in Figure 6B, in terms of assembly 
precision and streamlining of the step number, it is 
preferable to adopt a method which involves affixing the 
30 driving sub -means 15a and 15b to the flexure 5b position 
before being subjected to a previous bending, followed by 
substantially perpendicularly bending, because this would 
enable the affixation of the positions of the driving 
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sub-means 15a and 15b through the same step that affixes 
the positions of the slider 2 with an improved attachment 
accuracy. To this cad, an even higher processing accuracy 
can be obtained by providing grooved positions 5b5 and 5b6 
B for improving processing accuracy at the beat portions at 
which the flexure 5b is substantially perpendicularly bent , 

as shown in Figure fiB. 

* i 

The operation of the magnetic disk apparatus Will 
10 be described* further with reference to Figures 7A to 7C- 
First, owing to the action or an air flow generated by ihe 
magnetic disk 3 which is rotated by the spindle motor 11 
in a direction of Al as shown, the slider 2 is caused Lo 
stably float at a predetermined height from the magnetic 
15 disk (surface. The flexure 5b tolerates various changes in 
the posture of the slider 2 and allows a stable floating 
state to be maintained. In this state , the main driving 
means 4 causes the magnetic head 1 to track so as to be 
positioned at a target track position * Furthermore, the 
20 track position data in that state is fed back by the magnetic 
head 1 to a driving control apparatus (not shown), whereby 
the minute adjustment of the movement of the magnetic head 1 
as Caused by the main drivixig means 4 is handled by Ihe 
driving sub -means 15a and 15b* 

25 

The driving principles of the head support mechanism 
aaaording to the present invention will be described. 
Figure IK is a plan view of a head support mechanism 105 
prior to the application of a driving voltage > Figures 7B 
30 and 7C are plan views of the head support mechanism 105 after 
the application of a driving voltage. Figure 7» is a 
perspective view of the head support mechanism 105 after 
the appiication of a driving voltage - Figures 7E to 7G are 
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diagrams illustrating flexural deformation of a thill film. 
Elements which are identical to those of the head support 
mechanism described with reference to Figure 6A are denoted 
by the same reference numerals , Detailed description of 
S such members 1b omitted. 

With reference to Figures 7E to 7G, the flexural 
deformation of a thin film will be described. Figure 72 
illustrates the warping of a thin film in a model in which 

10 one end is stabilized while the other end is left free. 
Figures 7F and 76 illustrate the warping of a thin film in 
a model in which one end is stabilized while the other end 
is simply supported. The head support mechanism according 
to the present invention includes driving sub-means which 

IS is composed of a thin film for causing micro- movement of 
a head. Where the driving sub -means causes the micro- 
movcftnent of the head by utilizing the f lexural deformation 
of the thin film, 

20 In Figure 7E, the f lexural deformation of the thin 

film includes a warp dv along a direction substantially 
perpendicular to the longitudinal direction of the thin film, 
as well as a warp d HI along a direction substantially 
parallel to the longitudinal direction of the thin film in 

25 a model in which one end is stabilized while the other end 
is left free. 

In Figures 7F and 7G, the f lexural deformation of 

the thin film further includes a warp 0 H2 along a direction 
30 substantially parallel to the longitudinal direction of the 
thin film in a model in which one end is stabilized while 
the other end is simply supported. 
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Figure 7A illustrates a state in which, in the 
absence of a driving voltage applied to the driving 
sub -moans 15a and 15b , the driving sub-means 15a and 15b 
do not expand or shrink, so that the head 1 does not undergo 
5 micro -movement „ 

Referring to Figures 7B and 7D, an example will be 
described in which a driving voltage is applied to each of 
driving sub-means 15a and 15b so that the deriving sub- 
10 means 15a expands along the direction of an arrow DD and 
that the driving sub-meane 13b shrinks along the direction 
of an arrow FF . As a result of the expansion of the driving 
sub-means 15a, a bent portion 5b3 warps in the direction 
3 of an arrow B. As a result of the compression of the driving 

15 sub-means 13b, a bent portion 5b4 aisa warps in the 
rl direction of the arrow B, as does the bent portion Sb3- 

s p Consequently , the leading end of the flexure 109b is 

W translated in the direction o£ the arrow B. As a result, 

^ the slider 2 and the head on the flexure 105b are translated 

m 20 in the direction of the arrow B, 

p With reference to Figure 7C, where the plus and 

* minus of the driving voltages which are applied to the 
y, driving sub-means 15a and 15b are reversed, the driving 

25 sub-meane 15a shrinks and the driving eub-jneans 15b expand, 
in contrast to the example illustrated in Figures 7B and 
7Dn As a result, the slider 2 and the head are translated 
in the direction of an arrow C, as shown in Figure 7C. 

30 Thus, according to Embodiment 1, a very simple 

component structure utilizing sheet metal processing of a 
flexure on whiah a wiring pattern ia formed, and the mounting 
density of component members can be improved tn a narrow 
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structural spaoe between magnetic disks. In addition to 
using the main driving means, a further micro-movement 
adjustment of the magnetic head which has been moved can 
instantaneously be made in the close vicinity of the magnetic 
B head, Thus, a stable and fast on-track control of the 
magnetic head can be achieved wi th narrow track pitches on 
the sub -micron order. 

(Embodiment 2) 

10 Figure 8 is a partially-enlarged perspective view 

of a head support mechanism 205 according to Embodiment 2 
of the present invention- Moat of component members and 
the reference numerals thereof are the same as those 
described in Embodiment 1 above , and the detailed 

15 description of the same contents will not be repeated. A 
flexure 205b in the head support mechanism according to 
Embodiment 2 features a structure having three parallel 
thin plates, as opposed to the structure of Embodiment 1 
in which two parallel thin plate springs ore present. 

20 

On two of the three parallel thin plate springs, 
micro -movement driving sub-means 5a for the head is 
provided, similarly to Embodiment 1. However, on the 
other thin plate spring, recording/reproduction signal 

25 wiring 5f for leading recording/ reproduction signals in the 
head 1 to the exterior is provided. By thus dedicating some 
of a plurality of thin plate springs to signal wiring only, 
it is possible to prevent deterioration in the 
recording/reproduction signals due to cross-talk with the 

30 wiring for driving p-urposas. There is also an advantage 
in that it is easy to achieve a low floating capacitance 
as well as impedance matching in the wiring required by 
higher transfer rates of recording/ reproduction signals. 
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By employing a plurality of parallel thin plate 
springs, there ±a an advantage In that it is possible to 
adjust the rigidity along lateral- directions, which may be 
5 slightly problematic in a parallel spring mechanism, to a 
desired rigidity. Although the present embodiment 
illustrates a structure including three parallel thin plate 
springs, it will be appreciated that the present inventxon 
is also applicable to structures having more, e. g., 4 or 
10 5, parallel thin plate springs. 

(Embodiment 3 J 

Figure 9 is a partially-enlarged perspective view of a head 
support mechanism 305 according to Embodiment 3 of the 

15 present invention. Most of component members and the 
reference numerals thereof are the same as those described 
in Embodiments 1 and 2 above, and the detailed description 
of the same contents will not be repeated. Driving 
sub-means 5a for the head provided on a flexure 303b in the 

20 head support mechanism according to Embodiment 3 rotates 
around a z axis of a slider 2 that extends in a height 
direction from the disk, in the neighborhood of the center 
of gravity 2a of the slider 2. 

23 In Figure 9, the rotation axis Z which is in fx 

position at a distance d from the aenter of gravity 2a of 
the slider, as well as a rotation dix-ection 7 around this, 
is shown- As the slider rotates around the a axis, a head 1 
provided on a rear end face of the slider undergoes 

30 micro -movement along tracking directions 6. In thie 
method, slight changes in the azimuth angle of the head 
occur with tracking. However, the doorcase in the 
recording/reproduction signals associated with changes in 
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the azimuth angle, i. e., azimuth loss, la negligible in 
practice, Therefore, this rotation driving method can be 
applied. 

5 In Figure 9 r thrift thin plate springs are employed 

in a T-shaped configuration substantially around the z axis . 
Moreover, the z axis is located near, i- e. , at a distance d 
from, the center of gravity 2a of the slider. On two of 
the three parallel thin plate springs, micro -movement 

10 driving sub-means 3a is provided* On the other thin plate 
spring, recording/reproduction signal wiring 5f for 
recording/reproduction signals is provided. In 
accordance with ouch a T-shaped configuration, in which the 
longitudinal direation of the thin plate springs 

15 substantially coincides with the tracking directions 6, the 
elide can be supported via a high rigidity residing in the 
longitudinal direation of the thin plate springs. Thus, 
the rigidity along the lateral directions of the head support 
mechanism can be greatly improved. 

20 

Since one of the thin plata springs has its 
longitudinal direction of the thin plate spring extending 
in a direction substantially perpendicular to the tracking 
directions 6, the rigidity in the direation perpendicular 

25 to the tracking directions, i, e,, the longitudinal 
direction of the hea<3 support mechanism, can be greatly 
improved. By locating the z axis near, 1. at a 

distance d from, the center of gravity 2a of the slider, 
the rotational inertia of the slider, as an object subjected 

30 to rotational driving, can be reduced, thereby enabling 
high-speed tracking control, as well aa enhancing the 
resonance frequency of the head supporx mechanism. Thus, 
. high- speed, high-precision tracking control 
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characteristics oan be improved. Note, however, that 
increasing the distance d so as to place the ss axis in a 
direction away from the head 1 has its own advantage* That 
is, an increased distance between the rotation axis 2 and 
5 the head 1 mokes it possible, for the some rotation angle, 
that the micro -movAment of the head 1 occurs by an increased 
distance along the tracking directions. In other words, 
the increased distance adds to the magnification rata of 
the displacement magnifying mechanism. Although there is 

10 a consequent trade-off of an increased rotational inertia, 
there Is a great advantage iu Lhal a predetermined 
displacement required for tracking can be achieved at a low 
driving voltage. Thus, it la possible to design far a 
practical performance while maintaining a good balance 

15 between both abilities. 

Although the above embodiment uf the present 
invention illustrates a T-shaped configuration, various 
other configurations are contemplated, in addition to the 

20 T-shaped oonf iguration, in whioh the micro- mo vemant driving 
means for the head are composed of a plurality of spring 
structures radially extending from a substantial center of 
rotation, and in' which the micro -movement means rotate the 
slider carrying the head around the center of rotation. 

25 thereby causing micro -movement of the head along tracking 
directions. ^n principle, three-membored 

configurations such as a T-shape or a Y-shape? four- 
membered configurations such as a cross -shape or a X- shape r 
or higher- numbered configurations such as a star i&) -shape 

30 or an asterisk (*)-shape are possible. 

(Embodiment 4) 

Figure 10 is a partially -enlarged perspective view 
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of a flexure 40Bb composing a head support mechanism 405 
according to embodiment 4 of the present invention. 
Component members which are identical to those in 
Embodiment 1 (Figure 6h) are denoted by the same reference 
5 numerals. Detailed description of such members is 
omitted. 

One difference from the structure of Figure 6A is 
that driving sub-means 15a and 15b are disposed in such a 

10 manner that extensions of the directions in whieh the driving 
sub-means 15a and 15b are disposed constitute predetermined 
angles with respect to the direction in which the slider 2 
is disposed, so as to intersect at a leading end of the 
flexure 405b. The present embodiment of the invention 

15 illustrates an example In which a symmetrical arrangement 
with respect to the slider 2, such that the width of the 
flexure 405b decreases toward the leading end. 

The operation of the magnetic disk apparatus having 
20 the aforementioned structure is the same as that of 
Embodiment 1, and the description thereof is omitted. 

Thus, according to the present embodiment:/ driving 
sub-means 15a 1 and 15b, which are disposed in such a manner 

25 that extensions of the directions In which the driving 
sub-means 15a and 15b apre disposed constitute predetermined 
angles with respect to the direction in v/hioh the slider 2 
is disposed, are provided so as to intersect at the leading 
end of the flexure 405b. As a result, owing to vector 

30 dispersion, the rigidity of the slider support member along 
the magnetic disk radius direction (direction of an arrow 6 
in the figure) can be enhanced relative to structures 
featuring parallel flat plates * In addition to using the 
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main driving means, a further micro -movement adjustment of 
the magnetic head which has been moved con instant oneously 
be made. Thus, a stable and fast on- track control of the 
magnetio head can be achieved with narrow track pitches on 
5 the sub -micron order. 

( Embodiment 5 ) 

Figure 11 is a partially-enlarged perspective view 
of a flexure 505b composing a head support mechanism 505, 
10 according to Embodiment 5 of the present invention. 
Component members which are identical to those in 
Embodiment 4 (Figure 10) are denoted by the same reference 
numerals* Detailed description of such members is 

O omitted. 

UP* 

ci is 

m One difference from the structure of Figure 10 is 

"4 that driving mib -means 15a and 15b are disposed in such a 

£ manner that the center of gravity S of the flexure 305b is 

m located in the vicinity of an intersection between 

-.^ — 

20 extensions of directions in which the driving sub -means ISa 

y and 15b are disposed. Figure 12 is a partially- enlarged 

U plan view of the flexure S05b according to Embodiment 5 of 

y the present invention. G denotes the center of gravity of 

p the flexure 505b. As shown in. Figure 12, a triangular 

^ 25 structure having apices G, J, and K (shown by a broken line 

in the figure) is formed. 

The operation of the magnetic disX apparatus having 
the aforementioned structure is the same as that of 
30 Embodiment l r and the description thereof Is omitted. 
Thus s according to Embodiment 5 # the driving sub-meane 15a 
and 15b ere provided In sucn a manner that the center of 
gravity G of the flexure 505b is located in the vicinity 
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of an intersection between extensions of directions in which 
the driving sua -means 15a and 15b are disposed. Thus, this 
structure prevents external mechanical forces which are 
applied to the center of gravity of the flexure 505b to 
5 unfavorably affect driving control (e. g, , wind pressure 
of air flow, tnertial forces, disturbance impacts, and the 
like), acting on the flexure 505b along the magnetic disk, 
radius direction, from being transmitted. As a result, the 
rigidity of the flexure 505b along the magnetic disk radius 

10 direction can be made very high. In addition to using the 
main driving means, a further micro -mo vemeat adjustment of 
the magnetic head which has been moved can instantaneously 
be made. Thus, a stable and fas I on- track control of the 
magnetic head can be achieved with narrow track pitches on 

15 the Bub -micron order. 

Although the above description illustrate* an 
example, as shown in Figure 11, in which the flexure 505b 
has a shape extending out toward Ihe leading end to shift 
20 the center of gravity thereby, the slider 2 may be relocated 
at the leading end as shown In Figure 13, so that the center 
of gravity of a flexure 605b ie located in the vicinity of 
an in teraectiuir between extensions of the directions in 
which the driving sub -means 15a and 15b are disposed. 

25 

Although the .above description illustrates a pair 
of driving sub -means 15a and 15b being provided on the 
flexure, two or more pairs of driving sub-means (shown as 
15c and 15d) may be provided as shown in Figure 14 with a 
30 view to increasing the driving force and the driving amount . 

The driving principles for a head support 
mechanism 705 according to the present invention shown in 
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Figure 14, which includes two or more pairs of driving 
sub-means {shown as 15c and 15dJ , will ba dafierthAd. 
Figure ISA is a perspective view of a head support 
mechanism 705 prior to The application of a driving voltage* . 
5 Figure 15B ie a perspective view of the head support 
mechanism 70S aftar tha application of a driving voltage. 
Figure 16A is a plan view of the head support mechanism 705 
prior to the application of a driving voltage . Figures 16B 
and 16C are plan views o£ the head support mechanism 70S 
10 after the application of a driving voltage. Elements which 
are described in Embodiment 4 (Figure 10) are denoted by 
the same reference numerals . Detailed description of such 
members is omitted. 

15 Figures ISA and 16A illustrate a state in which, in 

W the absence of a driving voltage applied to the driving 

™f sub-means 15a to 15d, the driving sub-means 15a to 15d do 

m not expand or shrink, so that the head 1 does not undergo 

!3 micro-movement „ 

L. 20 

^ Referring to Figures 15B and 16B, an example will 

» be described in which a driving voltage is applied to each 

^ of driving sub-'-ineans 13a to 15d so that the driving 

I'i- eub-meano 15a expands along the direction of an arrow DD; 

25 the driving sub-means 15o shrinks along the direction of 
an arrow GC; the driving sub -means lSd asepands along the 
direction of an arrow BE; and the driving sub -means 13b 
shrinks along the direction of an arrow FF. As a result 
of the expansion of the driving sub-means 15a and the 
30 compression of the driving sub-means 15a, a bent portion 4a 
warps m the direction of an arrow Cl. As a result of the 
compression of the driving sub -means I5d and the 
compression of the driving sub-means 15b, a bent portion 4b 
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also warps in the direction of the arrow CI, a© does the 
bent portion 4a. Consequently, the leading end of the 
flexure 4 is translated in the direction of the arrow CI. 
As a result, the slider 2 and the head on the flexure 4 are 
S translated in the direction of the arrow Cl. 

With reference to Figure 16C, where the plus ana 
minus of the driving voltages which ar© applied to the 
driving sub-means 13a Lo 13d are reversed, the driving 

10 sub-means 15a shrinks i the driving sub-means ISo expands; 
the driving sub-means 13d shrinks? and the driving sub- 
means 15b expands , in contrast to the example illustrated 
in Figures 15B and 16B. As a result , the slider 2 and the 
head are translated in the direction of an arrow C2, ae shown 

15 in Figure 16C 

The base material for the flexure 4 may be any thin 
plate material having elasticity. However, it is 
desirable to employ a thin metal plate, e. g., a stainless 

20 steel sheet having a thickness of 0. 5 Mm to 50 tivx t with 
a thin film piezoelectric memDer having a thickness of ID 
jam or less (e, g. t PZT, PLT, or PLZT) and electrodes formed 
thereon, whereby an appropriate flexurai rigidity, which 
is required for the flexure 4, and a driving efficiency for 

25 obtaining a large displacement through low voltage driving, 
which is required fox;, tracking, can be reconciled. 

In order to realize an ideal translation mechanism 
so that the locus of the slider 2 movement becomes parallel 
30 to the tracking directions Cl and C2, bent portions 4a and 
4b are provided on the flexure 4 to form driving sub-means 
15a to 15d, and the leading end of the flexure 4 is composed 
of a thin parallel-plate spring structure- 
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By utilizing the warping of the driving sub-means 
in the thickness direction (i. e., the arrow CI or C2) 
thereof as driving means for causing the head 1 to have a 
5 micro -movement, it is possible to obtain a large 
displacement retired for tracking through low voltage 
driving* For example, it can be confirmed with a Doppler 
displacement meter that a translation o£ 2 . 2 ti m occurs with 
a driving voltage of 6 V. The driving mechanism discussed 
10 in the prior art section cannot cause a displacement on the 
order of l Mm witn such a low voltage, 

(Embodiment: 6) 

A method for manufacturing a head support mechanism 
IS according to Embodiment 6 will be described. Figures 17 A 
to Figure 17D are cross -sectional views illustrating a 
method for manufacturing a driving sub-means utilizing a 
direct film growth process. Figure 18 is a flowchart 
illustrating a melhud for manufacturing a head support 
20 mechanism with driving sub-means formed thereon, utilizing 
a direct film growth process. 

With reference to Figures 17A to 17P and Figure IS, 
a base material 12 is formed so as to have a thickness of 

25 o. 5 urn to 50 urn (Figure 17A)> A Base material 16A 
corresponds to bent portions 4a formed on the f lexure 4 shown 
in Figure 4A. In the case where the base material 12 is 
a SUS (stainless steel) material , am external shape is 
hollowed out through etching, laser processing, or pressing, 

30 and thereafter is subjected to press forming. 

By platinum (Ft) sputtering, a Pt film 14 is formed 
on the base material 12 through a direct vacuum film growth 
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(Figure 17B, S61J. The Pt film 14 may be obtained by 
growing a plating film in a liquid. Alternatively, by 
using a shadow mask method or a lift-off method, the Pt 
film 14 may bo grown only whero it is desirable to grow a 
5 thin film piezoelectric (PZT, ZnO, or the like; described 
later) by a rf sputtering method, an ion beam sputtering 
method, a eol-gel method, a CVD method, a laser ablation 
method, or the like. Alternatively, the Pt film 14 may be 
directly vapor- deposited on the base material 12 formed of 
10 SUS . 

When growing a PZT film 15A on the Pt film 14 by an 
rf sputtering method, a PLT film 15B containing no or little 
Zr may be formed as an underlying layer for the PZT film ISA, 
15 so that a PZT film ISA having excellent characteristics can 
be formed on that underlying layer (Figure 17C, S62, S63), 

By forming a Pt electrode film 16 on PZT film 15A, 
a flexure 4 having driving sub-means ISa thereon is 
20 completed (Figure 17D). It is desirable that the total 
film thickness excluding the base material 12 (i. e. , Pt 14 , 
PLT 15B, jpzit 15A, and Ft 16) does not exceed loum. 

By attaching a slider 2 carrying a load beam 5 and 
26 a head 1 thereon to the flexure 4 having the driving 
sub-means 15a thereon f and forming a signal system, the head 
support mechanism is completed. 

An example has been described in which, in the case 
30 where the base material 12 is a SUS (stainless steel) 
material, an external shape is hollowed out through etching, 
laser processing, or pressing, and thereafter is subjected 
to press forming, followed by the attachment of the Pt 



2001$ 33141 23:30 



S. YAMAMOTO OSAKA 



- 44 - P214B0 



film 14. However, etching, laser processing, or pressing 
may be carried out after completing the formation o£ all 
of the films (Pt 14 ff PLT 15B r PZT 15A, and Pt 16) to pattern 
the base material 12 composed of SUS. The base material 
5 12 la not limited to SUS, but and may be a silicon (Si) 
semiconductor wafer, which can be produced in large 
quantities with low cost. 

By applying such a film growth process to each of 
10 the front and back sides of the base material 12, a 
suspension having a bimorph type actuation function as shown 
in Figure 14 can be produced. As shown in Figure 14, 
portions of the flexure 4, which is a base material composed 
of SUS, are bent perpendicularly in such a manner as to 
15 interpose the slider 2, thereby forming bent portions 4a 
and 4b „ Furthermore, driving sub -means 15c and 15d are 
formed on the opposite side {back side) of the bent 
portions 4a and 4b from the slider- 2. The driving sub-, 
means 15c and 15d formed on the bacfc side are also formed 
20 via the aforementioned direct film growth process from the 
back side of the base material 12. 

The head support mechanism 705 incorporating the 
flBKure 4 (SUS substrate} having the bent portions 4a and 
25 4b formed thereon * serves as a head support mechanism having 
micro-movement driving means composed of a thin plate 
parallel spring structure. Experimental results show 
that a translation of about 1 Jim occurs with a driving 

voltage of 5 v. 

30 

The Pt film 14 underlying the thin film 
piezoelectric 15 can be replaced by a metal material such 
as titanium (Ti) or the like. PZT ISA or PLT 15B can be 
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replaced by sine oxide (ZnO) , polyvinylidene fluoride 
(PVDF), or a multilayer structure having a combination 
thereof . 

S Note that, an 'insulation film may be formed on the 

base material 12, after which the PT film 14 may be formed 
uxi Lhe insulation film. As Lhe insulation film, SiN can 
be employed, for example. SiN can be vapor- deposited on 
the base material 12 « 

10 

By covering Lhe Lhin film piezoelectric 15 with an 
insulation film such as polyimide and sintering the thin 
film piezoelectric 15, the thin film piezoelectric 15 can 
be insulated from the Ft 14 , and mechanical characteristics 
15 such as contact with the base material 12 can also be 
improved. As the insulation film, an SAM film, an LB film, 
or a material whose main component is a nitride, may also 
be used, among others. 

20 Each of the f lime forming the driving sub-means is 

grown through a vacuum chamber process . Bach film can also 
be grown by using a process in a liquid. 

As described above, according to Embodiment S, a 
25 head support mechanism including micro -movement driving 
means which realizes hi,gh-speed and high-precision tracking 
so as to be compatible with narrow tracX pitches required 
due to an increasing areal reoording density while the 
micro -movement driving means is easy to produce Cvia a direct 
30 film growth process ) and is driven with a low driving voltage 
at a practical level? an information recording/reproducing 
apparatus incorporating the some? and a method of 
manufacturing the head support mechanism can be provided. 
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By employing a direct film growth process, there is 
also an advantage in tnat an inexpensive head support 
mechanism can "be realised because the head support 
5 mechanism can be produced in clusters through batch 
processes . 

(Embodiment 7) 

A method for manufacturing a head support mechanism 

10 according to Embodimen L 7 will be described, Figures ISA 
to 19F are cross -sectional views illustrating a method for 
manufacturing driving sub-means using a transcription 
process. Figures 19A to 19F ar« cross-sectional views 
showing a cross section PP in Figure 16A. Figure 20 is a 

15 flowchart illustrating a method for manufacturing a head 
support mechanism on which driving sub-means is formed, 
utilizing a transcription process, A head support 
mechanism incorporating driving sub-means {micro -movement 
driving means) can be produced also by using a transcription 

20 process . 

With reference to Figures 19A to 19F and Figure 20 , 
a magnesium oxide (MGO) substrate 9 is formed (Figure 19A), 
On the MGO substrate 9, a PI electrode film 16 is farmed 
25 by Pt sputtering (Figure 19B. S81) , By using a shadow mask 
method, a lift-off method, or the like, aPt film 16 is grown 
only where it Is desirable to grow a thin film 
piezoelectric 15 (e. g. , PZT or ZnO). 

30 on thin film piezoelectric 15, thin film 

piazoeleotrio 15 (a PLT film + a PZT film) and a platinum 
film 14 are grown by an rf sputtering method or the llXe 
(Figures 19C and 19D, SS2, S33). At this time, too, it is 
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desirable that the film thlcKnesa does' not exceed 10^ in. 
These processes are basically the same as the direct film 
growth process described in Figures 17A to 17D. 

5 An adhesive is applied on the platinum film 14, and 

thereafter a SUS (stainless steel) substrate 12 having a 
thlcfcneas of 0. Slim or more and 50£tm or less, a substrate 
whose basic composition is Si, or the like is further adhered 
as a base material (Figure 19E, S84, SB5) . The SUS 
10 (stainless steel) substrate 12 or the substrata whose basio 
composition is si corresponds to the bent portions 4a formed 
on the flexure 4 shown in Figure 4A. 

After the adhesive is dried at about 70°C, the MgO 
IS substrate 9 is removed by wet etching (Figure 19F, S86), 
whereby the flaxure 4 having the driving sub -means 15a is 
completed. The completed flexure product having the 
driving sub-means which is manufactured by a transcription 
process is basically the same aa a completed flexure product 
20 having the driving sub-means whioh is manufactured by a 
direct film growth process. 

Brier to forming the PZT film after forming the Ft 
film 16 through vapor deposition, a PLT film may be formed, 

25 whereby the PZT Lhin film piezoelectric can be obtained aa 
a film having excellent characteristics. Substantially 
the same characteristics can be obtained by employing a PT 
film, a PBT103 film, an SrT103 film, a BaTiOS film, etc.. 
Instead of a plt film, instead of the magnesium oxide Mgo 

30 used for the transcription substrate, a single- crystal 
substrate such as sapphire ( «-A1203) or strontium titanate , 
or a silicon a ingle -crystal substrate may be employed to 
anable transcription . 
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Since the thin film piezoelectric 15 of PLT, P2T, 

etc . , is grown at a high temperature in the vicinity of 600^ , 
It is better to later form wiring a required for the voltage 
5 application to the driving sub-means , in order to allow the 
suspension having an actuation function to be subjected to 
the process without exposing the wiring itself to a high 
temperature. 

10 Thus, according to Embodiment 1, a head support 

mechanism including micro -movement driving means which 
realizes high-speed and high -precis ion tracking eo as to 
be compatible with narrow track pitches required due to an 
increasing areal recording density while the micro -movement 

15 driving means is easy to produce (via a transcription 
process) and is driven with a low driving voltage at a 
practical level? an information reaording/reproducing 
apparatus incorporating the eamej and a method of 
manufacturing the head support mechanism can be provided. 



13 20 



By employing a transcription process , there is also 
an advantage ih that an inexpensive head support 
mechanism can be realized because the head support 
mechanism can be produced in clusters through batch 
25 processes , similarly to the case where a direct film growth 
process is employed. , 

(Embodiment 8} 

Figure 21 is a partially- enlarged perspective view 
30 of a head support mechanism according to Embodiment 8 . 
Elements which are described in Embodiment l with reference 
to Figure 6A are denoted by the some reference numerals. 
Detailed description of such marchers is omitted. 
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With reference to Figure 21, a head support 
mechanism ROD. according to Embodiment 8 differs from the 
head support mechanism 105 according to Embodiment 1 in 
5 that driving sub-means 15a and 15b are formed on a f lexure 4 
in such a manner that a thickness direction 
thereof { direction of an arrow QQ) is substantially 
perpendicular ta the magnetic disk surface, 

10 The driving ■ principles for the head support 

mechanism 800 according to Embodiment 8 will be described. 
Figure 22 is a perspective view illustrating the 
expansion /shrinkage of the driving sub -means 15a and 15b 
formed on the head support mechanism 800 after the 

15 application of a driving voltage. Figure 22- ie a 
perspective view illustrating the translation of the head 
support mechanism 800 after the application of a driving 
voltage • 

20 With reference to Figure 22, when driving voltages 

are applied such that the driving sub -means 15a and 15b will 
expand or shrink in reverse phases, the driving sub- 
means 15a shrinks in the direction of an arrow DD, whereas 
the driving sub -means 15b expands in the direction of an 

25 arrow FF.. 

,» 

With ref erenoe to Figure 22, when driving voltages 
are applied to the driving sub-means 15a and 15b in reverse 
phases so that an absolute value of the driving voltage to 
30 the driving sub -means 15b is sufficiently greater than an 
absolute value of the driving voltage to the driving 
sub-means 15a. a portion of the flexure 4 on which the 
driving sub -means 15b is formed has a sufficiently large 
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warp in the diroation of an arrow Rl, whereas a portion of 
the fiexure 4 on which the .driving sub -means 15a is formed 
baa a small warp in the direction of an arrow R2. 

5 If the warps in the directions of the arrows Rl and 

R2 ar* restrained, a displacement difference corresponding 
to the 3H2 described with reference to Figures 7E, 7F, and 
7G occurs. As a result, a rotation movement occurs in the 
direction of an arrow R3, around a leading end of the 
10 flexure 4* 

Consequently, the slider 2 and the head on the 
flexure 4 have a rotation movement in the direction of the 
arrow R3> 

15 

Xf the polarity and the size of the driving voltages 
applied to the driving sub -means 15a and 13b are reversed 
relative to those described above, the driving sub-means 
15a expands* and the driving sub-means 15b shrinks, so that 
20 the leading end of the flexure 4 is translated in an opposite 
direction of the arrow CI. 

Thus, according to Embodiment 8, by applying 
driving voltages to the sub-means 15a and 15b in reverse 
25 phases, highly precise and efficient micro displacement of 
the head for tracking, can be realised - 

A variant of the driving principles for the head 
support mechanism aoo according to Embodiment 8 will be 
30 described. In this variant, voltages are applied to the 
driving sub -means 15a and 15b. figure 23A is a 

perspective view illustrating the expansion/shrinkage of 
the driving sub-means 15a and 15b formed on the head support 
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mechanism OOO after the application of a driving voltage. 
Figure 23B is a diagram illustrating a state of the driving 
sub-means 15b and the flexure 4 prior to the application 
of a driving voltage . Figure 23C is a diagram illustrating 
5 a state of the driving sub -means* 13b and the flexure 4 after 
the application of a driving voltage. 

With reference to Figures 23A to 23C, when driving 
voltages are applied such that the driving sub-means 15a 
10 and 15b will both e;*pand, the leading end of the flexure 4 
will warp in the direction of the arrow C3> as a result, 
the slider 2 leaves the surface of the magnetia disk. 

Thus, according to Embodiment 8 # the leading end of 
15 the flexure 4 warps in such a direction that: the slider 2 
will leave the surface of the magnetic disk, whereby friction 
between the magnetic disk and the head 1 carried by the 
slider 2 can be avoided * 

20 Furthermore, when the head support mechanism 80O is 

driven according to the aforementioned driving principles, 
the head support mechanism 800 can be utilized as a 
loading/unloading mechanism for the head, and accidents 
such as a head crash can be prevented. 



23 



30 



[Embodiment 9) |( 

Figure 24A illustrates a basic struature for a 
three-electrode type two-stage actuator according to 
Embodiment 9. 

The head support mechanism includes: a slider 2 
which carries a head element 1 and flies or hovers above 
a rotating or running recording medium? a suspension 3 for 
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supporting the same? a flexure 4 for fixing the 
suspension 3; and a signal system (not shown) for 
electrically coupling the head element 1 to a 
recording /reproducing circuit or an information recording 
5- apparatus, such that a whole or part thereof is formed in 
an integral manner. Wiring is achieved via printed circuit 
boards, dircetly or indirectly to the signal system lead 
wirBS or the suspension. A micro-driven actuator, which 
is of an integral form with the suspension 3, is disposed 
10 between the slider 2 composing the head element 1 and the 
flexure 4, Figure. 2 4B illustrates a basic structure for 
a five-electrode type two- stage aaruaror. 

As shown in Figure 24C, this actuator is composed 
15 of stainless steel(about 15 to 20 fim) M * base inaLerial and 
thin film piezoelectrics composing the driving sub-means 
15a and 15b. The driving sub-means 15a and 16b have a bent 
structure so as to be perpendicular to a disk surface 7. 
Furthermore/ the driving sub-means 15a and 15b in Figure 25 
20 are each at an angle of 15° or more with respect to a face 9 
perpendicular to the disk surface. 

Moreover*, driving voltages which are reverse - 
phased by 90° era supplied to the respective driving 

25 sub -means .15a and 15b, so as to repeat expansion and 
shrinkage. Owing, to the expansion/ shrinkage, the 

suspension 3 and slider 2 and the head element 1 fixed to 
the suspension 3 rotate as shown in Figure 26A, 
Furthermore, by placing the driving voltages in reverse 

30 phases, the slider 2 and the head element 1 fixed to the 
suspension 3 rotate in an opposite direction as shown in 
Figure 
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The driving sub-means 15a and 15b are disposed so 
as to be at an angle of about 15 fl or more with raspftct to 
the face 9 perpendicular to the disk surfaoe. This is in 
order to reduce the influence (air viscosity friction force) 
5 which the slider 2 would receive from the disk rotation in 
the aaae of a small angle (about 0* to laps than 15° ) - In 
accordance with the above construction, a highly precise 
track positioning is enabled. 

10 Although stainless steel is employed as a base 

material composing the actuator, o&y material which 
possesses spring properties and heat resistance and which 
provides a certain level of rigidity even with a small 
thickness can be used. 

15 

(Embodiment 10) 

Figure 27 illustrates a structure of a two- stage 
actuator according to Embodiment 4. Figure 27 shows a 
restraint alleviation means 80 which is provided on driving 
20 sub-means 15a and 15b, which in turn ara provtded on the 
actuator. A restraint alleviation means may be provided 
on both sides as shown, or may be provided on only one side. 

in the case where driving sub -means 15a and 15b 
25 without the restraint alleviation means 80 is used, .a moving 
distance (displacement) by which the actuator rotates the 
slider 2 and the head element 1 fixed to the suspension 3 
will ha about 1/4 of the distance by which each one of the 
driving sub -means 15a and 15b alone (i. e. , in a cantilever 
30 fashion) varies. 



The reason behind this is a loss which is generated 
due to the fact that a pair of driving sub-means have both 
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of their ends fixed, i. e., restrained. Therefore, by- 
providing restraint alleviation means 80 at both sides of 
the driving sub -means 15a and 15b , the force generated by 
each driving element can be efficiently transmitted to the 
5 suspension 3 and the slider 2 and the head element 1 fixed 
to the suspension 3* As a result, a large displacement can 
be obtained. 

t 

The restraint alleviation means ao is supposed to 
10 minimise the restraint on the driving sub-means 15a and 15b » 
possible methods for aahievmg this include reducing the 
rigidity at both sides of the driving sub-meana 15a and 15b , 
and providing a spring mechanism at both sides of the driving 
sub -means 15a and 15b* 

15 

Figure 28A shows a method o£ reducing the rigidity 
at both sides of the driving sub-means 15a and i5o» 
Figure 2SB shows an enlarged view of the restraint 
•alleviation means so. 

20 

As a method of reducing rigidity, the thickness of 
both sides of the stainless steel composing the driving 
sub -means 15a arid 15b as a base material is reduced. As 
shown in Figure 2SB, by reducing local thickness, the 
25 rigidity, in the thinned portions 80A decreases, so that the 
fixed portions of the driving sub -means 15a and 15b become 
ready to be warped. 

Consequently, whan driving voltages are applied, to 
SO the respective driving sub-means, the portions BOA having 
a reduced thickness alleviate the restraint forr-ft on the 
driving sub-means 15a and 15b , thereby enabling efficient 
transmission to the suspension 3 and the slider 2 and the 
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head element 1 fixed to the suspension 3, Although 
stainless steel Iff employed as a base material composing 
the actuator, any material which possesses spring 
properties and heat resistance and which provides a certain 
5 level of rigidity even with a small thlcXness can be used* 
The structure shown in Figures 28A and 28B may not have to 
be provided on both sides of the driving sub -means 15a and 
15b, but may be provided on only one side thereof to alleviate 
the restraint. However, it is preferable to provide the 
10 structure on both sides. 

Similarly, as a method for reducing rigidity, as 
shown in Figures 29A* 29B* and 29C, both sides sob of the 
driving sub -means 15a and 15b may be locally narrowed; a 

15 triangular portion aoc pointing toward an end may tie formed: 
or a perforated portion SOCmaybc formed. By these methods, 
the rigidity of the driving sub-meahs 15a and 15b is locally 
reduced, so that the restraint ia alleviated and the 
displacement can be efficiently transmitted to the 

20 # suspension 3 and the slider 2 and the member 1 fixed to the 
suspension 3. The structure shown m Figures 29A. 29B, 
and 29C may not- have to be provided on both sides of the 
driving sub-mearis 15a and 15b, but may he provided on only 
one aide thereof to alleviate the restraint. However , it 

25 is preferable to provide the structure on hath sides. 

As another method, as shown m Figure 29D, fixed 
portions of driving sub-means 15a and 15b (i. e« , both sides 
of the driving sub-means 15a and 15b) may he replaced by 
SO a material SOB (a soft material) having a lower rigidity 
than the base material, of the driving sub-means 15a and 15b. 
For example, any soft material such as polyimide {Kapton® 
type), polyester, polysulfone, or polytatrafluoroethylene 
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may be used* 

Embodiments 1 to 10 of the present Invention 
illustrate the case where the head support mechanism is 
5 composed of two major members; a flexure having micro- 
movament driving sub-means, which are separate from the main 
driving means, and having an appropriate flexural rigidity 
for allowing a slider to follow a waving surface o£ a disK; 
and a load beam for pressing the slider toward the surface 
10 of the disk with an appropriate force. 

!Thc essence of the present invention is not limited 
to the above. It will he appreciated that various 
structures can be contemplated in which the head support 
15 mechanism is composed of a plurality of members including 
a first member coupled to a slider at least carrying a head, 
and a second member coupled to tracking main driving means , 
such that the micro -movement driving means for the he'ad is 
constructed on the first member. 

20 

Embodiments X tc 10 of the present invention 
described above illustrate, in the case where the head 
support mechanism is formed through bending, a structure 
in which features such as the micro -movement driving 

25 sub-means, driving wiring therefor, and signal wiring are 
provided on one side of a base material in a stage preceding 
the bending. This presents a great manufacturing 
advantage, in the manufacture of the head support 
mechanism according to the present invention , in that the 

30 processed surface can be limited to one face. However, this 
is not to preclude a structure in which soma or all of such 
features ore provided on both sides of the base material 
as shown in Figure 14* 
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Embodiments 1 to 10 above describe that the slider 
is caused to stably float at a predetermined height from 
the magnetic disk surf ace owing to the action of an air flow 
5 generated by the magnetic disk. However, a method in which 
a portion of an end of the magnetic head on the slider is 
allowed to come in contact with the magnetic disk for high 
density recording is also enoompesoed within the 
embodiments of the present invention. 

10 

Although Embodiments l to 10 illustrate magnetic 
disk apparatuses, the present invention is not limited 
thereto. By adopting a structure similar to the above 
embodiments for information recording apparatuses based on 
15 improvements of stm or afm, an actuator for two- stage servo 
can be constructed, and effects similar to those provided 
by the embodiments can be obtained. 

Although Embodiments 1 to 10 Illustrate tracking of 
20 a magnetic disk apparatus, the present invention is not 
limited thereto. The present invention is applicable to 
the driving of various actuators. Furthermore , the 
present invention is applicable to any apparatuses which 
store information on a rotating disk surface, e. g* , optical 
25 disk apparatuses, magneto- opt ical storage apparatuses, 
phase-change type optical disk apparatuses, and the like. 

Moreover, it will be appreciated that the present 
invention is not limited to the aforementioned emoodLiments, 
30 and that various modifications ore possible without 
departing from the spirit of the present invant-ion. 
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(Examples) 

Hereinafter, the- effects of the present invention 
will be described with reference to specif ic examples. 

5 An actuator portion was obtained by previously 

etching a stainless steel substrate into an actuator 
configuration, with electrodes and thin f ilm piazoeiectrics 
formed thereon . The bending of the driving sub-means 
portions was carried out through presswork using a moid.. 
10 Thereafter / a flexible substrate for wiring and the driving 
sub-means portions were electrically coupled by wire 
bonding. 

Thereafter ff a head support mechanism was 
25 constructed by combining a slider, a base plate, and a load 
beanu 

Hereinafter, experiments which were conducted by 
using the above will be described. 

20 

(Example 1} 

K& a first experiment , stainless steel was processed 
into a cantilevet shape, on which a thin film piezoelectric 
member (about 2. 5tim) and electrodes were formed. The 
25 displacement of the cantilever obtained by varying the 
stainless steel thickness was measured. The measurement 
was performed by measuring the displacement by a laser 
Doppler method* The driving voltages were constantly at 
±3V, and the frequency was 1 KHfc. 

30 

The results are shown in Table 1. 
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(Table 1} 


stainless 


1 








3 


4 


steel thickness 


s 


20 


25 


30 


5 


0 


(Mm) 














displacement 


4- 


3, 








1. 


{ (i m) 


68 


24 


2. 


1. 


1. 


01 






31 


62 


34 





From Lhe above results f a tendency 1 was observed such 
that, as the stainless steel (which is the base material of 
5 the actuator) becomes smaller la thicfcness, the rigidity 
is weakened and the displacement is increased. 

(Example 2) 

10 As a second experiment , an actuator having restraint 

alleviation means constructed thereon was produced and its 
displacement was measured. The basic actuator structure 
was as follows: the driving sub -means each constituted an 
angle of 60° with a plane perpendicular to the dial*? the 

15 stainless steel thickness was 20 #m: and the thin film 
piezoelectric had a thickness of 2. 5/Zm- 

As the restraint alleviation means , as shown in 
Figures 23A and 285, the thickness of both sides of the 
20 stainless steel base material composing the driving element 
portions was reduced as a means of weakening rigidity, 
thereby alleviating the restraint. A wet etching method 
was used. The measurement was performed by measuring the 
displacement by a laser Doppler method* 

25 

0?he results arc shown in Table 2» 
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(Table 2) 



thickness of 
"both sides 
{ n m 


2 

0 


1 

8 


1 

5 


1 

2 


1 

0 


8 


5 


displacdment 














3. 


(Mm) 


1. 


1- 


1. 


2. 


2, 


3. 


71 




02 


35 


71 


02 


54 


02 





From the above results # a tendency 1 was observed such 
that, in the case where' the thickness of both sides of the 
S stainless steel base material composing the driving element 
portions was reduced so as to alleviate the restraint, a 
larger displacement was obtained as the restraint was 
all a via tad more by reducing more thickness from both sides . 

10 

(Example 3) 

As a third experiment , as in Example 2 , an actuator 
having restraint alleviation means constructed thereon was 
produced and its displacement was measured. The basic 
15 actuator structure was as follows 5 the driving sub-means 
each constituted an angle of 60° with a plane perpendicular 
to the disk? the stainless steel thickness was 20 Mm? and 
the thin film piezoelectric had a thickness of 2, S^xn. 

20 With respect to the restraint alleviation means , 

as a means for weakening rigidity, one. side of the stainless 
steel composing the driving element portions was shaped into 
■ a thin triangle as shown in Figure 29B , thereby alleviating 
the restraint. A wet etching method was used. The 

25 measurement was performed by measuring the displacement by 
a laser Dopplcr method . As a result , the triangular driving 
elements provided about 1. 8 times more displacement than 
strip -shaped driving elements. 
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(Example 4} 

As a fourth experiment, an actuator having 
5 restraint alleviation means constructed thereon Was 
produced and its displacement was measured. The basic 
actuator structure was as follows: the driving sub-means 
each constituted an angle of 60° with a plane perpendicular 
to the dlsK? the stainless steel tftlcKness was 20 Mm: ana 
10 the thin film piezoelectric had a thickness of 2. 5#nu 

As for the restraint alleviation means # ae shown 
in Figure fixed portions of the driving sub -means were 

formed by using pclyimide {Kapton®), a material having 

15 weaker rigidity than that of the base material of the driving 
sub-means* Tho polyimide had a thickness of 12 Mm* The 
polyitnide and the base material of the driving sub-means 
(stainless steel) was jointed with an adhesive. The 
measurement was performed by measuring the displacement by 

20 a laser Doppler method- As a result, about 1. 9 times more 
displacement was obtained than the case where the fixed 
portions of the driving sub -means were not formed of a 
material having weaker rigidity.' 

25 

[Example 5) , 

As a fifth experiment, an actuator having 
restraint alleviation means constructed thereon was 
produced and its displacement was measured. The basic 
30 actuator structure was as follows i the driving sub-means 
each constituted an angle of 60* with a plane perpendicular 
to the disk; the stainless steel thickness was 20 Mm? and 
the thin film piezoelectric had a thickness of 2. 5 Mm. 
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As for the restraint alleviation means, as shown 
in Figures 3 OA and 30B, several notches were provided at 
both sides of the driving sub-means, and these portions were 
bent through preesworfc using a mold. 

By gradually bending the notched portions , the 
driving sub-means are approximately 90* with respect to the 
disk surface without having a crease. 



Since the notches were provided, the electrodes on 
the driving sub-means portions vftrft allowed to be gradually 
bent during the bending process/ so that they ware able to 
be positioned on a face rotated by 90 * without being 
18 destroyed. The measurement was performed by measuring the 
displacement by a laser Doppler method. As a result, about 
3 . 1 times more displacement was obtained than the ease where 
the restraint alleviation mechanism was not employed. 

20 si mi iar measurements were taken by providing the 

restraint alleviation mechanism on one side o£ the driving 
sub -means where tne slider was affixed, rather than both 
sides of the driving sub-means. As a result, about 2 to 
3 times more displacement Was obtained than the case where 

25 the restraint alleviation mechanism was not employed. 



INDUSTRIAL APPLICABILITY 

Thus, according to the present invention, there is 
30 provided an outstanding effect in that high-speed and 
high-precision tracKing is realized so as La be compatible 
with narrow track pitches required due to an increasing 
recording density, with ease of production and with a low 
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driving voltage at a practical level. 



2001$ 33141 23:25 S. YAMAMOTO CSAM 



r, 



110/ 



- 64 - P21480 
CLAIMS 

1. A head support mechanism comprising a. head and a slider 
for carrying the head, the head being caused to track by 

5 main driving means, wherein: 

the head support mechanism further comprises driving 
suts -means comprising a thin film ana causing the head to 
have a micro-movement; and 

the driving sub-means causes the head to have a 
10 miaro -movement by utilising flcxural deformation o£ the 
thin film. 

2. A head support mechanism according to claim 1, wherein 
the thin film has a film thickness equal to or less than 

15 IQlLm* 

3. A head support mechanism according to claim 1, wherein i 

the thin film is formed on a base material and has a 
film thiaknass equal to or leas than 10 Mm? and 
20 the thin film is formed on the base material by using 

a film growth process* 

4. A head support mechanism according to claim 3, wherein 
the film growth process comprises a direct film growth 

25 process 

\» 

5* a head support mechanism according to claim 3, wherein 
the film growth process comprises a transcription process, 

SO 5* A head support mechanism according to claim 1, wherein i 
the head support mechanism includes a plurality of plate 
spring portions disposed in a radial arrangement from a 
rotation center; 
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the driving sub-means is formed on the plurality of plate 
spring portions; and 

the driving sub-means rotate© the slider around the 
rotation center, causing th© head to have a mluro-ioovement 
5 along a tracking direction, 

7, An information recording/reproducing apparatus 

comprising s a head support mechanism having a head and a 

slider for carrying the head; main driving means for causing 
10 the head to tracK via the head support mechanism, so that 

information on a disk ie recorded/reproduocd by means of 

the head, wherein: 

the head support meahanlsm comprises driving sub -means 

comprising a thin film and causing the head to have a 
15 micro -movement? and 

the driving sub-means causes the head to have a 

micro-movement by utilising flexural deformation of the 

thin film. 

20 5. An information recording/reproducing apparatus 
according to claim 7, wherein the thin film is formed so 
that the thickness direction substantially coincides with 
a tracking direction of the head. 

25 9 . An information recording/reproducing apparatus 
according to claim 7^ wherein the thin film has a film 
thickness equal to or less than 1 Opin- 
io. An information recording/ reproducing apparatus 

30 according to claim 7, wherein a main portion of a member 
comprised by the driving sub-means is disposed in a space 
within the thickness, from the disk surface, of the slider 
along a height direction. 
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11. An information recording/reproducing apparatus 
according to claim 7, wherein the driving sub -means is in 
the vicinity of a position along a height direction from 
5 the dlsK surface of a oentar of gravity of the slider. 

lz. An information recording/reproducing apparatus 
according to claim 7, wherein the head support mechanism 
includes a plurality of thin plate spring portions formed 
10 substantially perpendicular to the disk surface. 

13. An information recording/reproducing apparatus 
according to claim 12, wherein i 

the driving sub -means further comprises a base material 
15 to function as an actuating plate; and 

the base material comprises a apxlng material. 

14. An information recording/reproducing apparatus 
according to claim 7, wherein the driving sub-means is of 

20 a piezoelectric type, electrostatic type, eleotromagnetic 
type, magnatostrlctlve type, or shape memory alloy type. 

15. An information recording/reproducing apparatus 
according to claim 7, wherein the driving sub-means 

23 comprises a piezoelectric material, electrostrlctlve 
material, or magnetosjtrictive material. 

16- An information recording/ reproducing apparatus 
according to claim 7, wherein the head support nmnhanism 
30 comprises ; 

a first member coupled to the slider? and 

a second member coupled to Lhe main driving means, 

wherein the driving eub-meane is formed on the first 
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member. 



17 • An information recording/reproducing apparatus 
according to claim 16, wherein the first member comprises 
5 a flexure for causing the slider to follow the disk surface. 

18. An information recording/reproducing apparatus 
according to claim 7, wherein $ 

the first member further comprises a thin metal plate? 
10 the thin metal plate includes a bent portion which is 

formed by ben ding ; and 

the driving sub-means is formed on the bent portion, 

€1 IS?. An information recording/reproducing apparatus 

15 according to claim IB, wfcereim 

the bent portion is bent in a direction which is 
=g substantially perpendicular to the disJc surface; and 

•if the bent portion includes e grooved portion for 

enhancing the processing precision of the bending, 

Q 20 

2D* An information recording/ reproducing apparatus 
Q according to claim IS, wherein; 

q the bent potrlon Is farmed so that its bent height 

dimension is smaller than a dimension of the slider along 
25 a first direction which is a rotation axis direction of the 
disk; and „ 

a dimension of the driving sub -means along the first 
direction is smaller than the dimension of the slider along 
the First direction. 



30 



21. An information recording /reproducing apparatus 
according to claim 7, wherein: 

the head support mechanism further comprises a driving 
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sub-means formation member on which the driving sub -means 
is formed; and 

recording/ reproducing signal wiring coupled to the head 
is JTormed on the driving sub-means formation member. 

5 

22. An information recording/reproducing apparatus 
according to claim 7, wherein t 

the head supporr mechanism includes a plurality of 
parallel spring portions formed substantially 
10 perpendicular to the disk surface; 

the driving sub -means is formed on the plurality o£ 
parallel spring portions: and 

the driving sub -means translates the head along a 
tracking direction. 

15 

.23, An information recording/reproducing apparatus 
according to claim 7, whereim 

the head support mechanism includes a plurality of plate 
spring portions disposed in a radial arrangement from a 
20 rotation center; 

the driving sub -means is formed on the plurality of plate 
spring portions,- and 

the driving 1 sub -means rotates the slider around the 
rotation center, and causes the head to have a micro -movement 
2S along a .tracking direction. 

24 . An information recording/reproducing apparatus 
according to claim Z3, wherein the plurality of plate spring 
portions comprise a plate spring portion having a 

30 longitudinal direction along the tracking direction. 

25 . An information recording/reproducing apparatus 
according to claim 23 , wherein the plurality of plate spring 



2001$ 3jJ14_ 23:24 



S. YAMAMOTO OSAKA 



P. 108/152 



- 69 - P21480 

portion© comprise a plate spring portion having a 
longitudinal direction along a direction substantially 
perpendicular to the tracking direction. 

5 26. An information recording/reproducing apparaLus 
according to claim 7, wherein the head support mechanism 
comprises a pair of driving sub-means* 

i 

27. An information recording/reproducing apparatus 
10 according to claim 7, wherein the driving oub -means is 

located so as to be substantially parallel to a direction 
in which the elider i& disposed. 

28. An information recording/reproducing apparatus 
15 according to claim 7 # wherein the driving sub-means are 

disposed in such a manner that extensions of directions in 
which the driving sub-means are disposed constitute 
predetermined angles with respect to an extension of a 
direction in which the slider is disposed, so as to intersect 
20 at a leading end of the head support mechanism. 

29. An information recording/reproducing apparatus 
according to claim 23, wherein the driving sub -means 
constitutes an angle equal to or greater than 15° with a plane 

25 perpendicular to disk surface, 

30. An information recording/reproducing apparatus 
according to claim 7, wherein i 

the head support mechanism further comprises a first 
30 member coupled to the slider; 

the driving sub-means is formed on the first member; 
and the driving sub-means are disposed in such a manner that 
a canter of gravity of the first member is located 1n the 
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vicinity of an intersection "between extensions of 
directions in which the driving sub-means are disposed. 

31. An information recording/reproducing apparatus 
5 according tu claim 7, wherein the head support mechanism 

comprises two or more pairs of driving cub-means - 

i 

32. An information recording/reproducing apparatus 
according to claim 7, wherein the driving sub -means is 

10 formed by using a semiconductor process. 

33. An information recording/reproducing apparatus 
according to claim 7, wherein the driving suh-means 
comprises restraint alleviation means for restraining at 

15 least a portion of the thin film. 

34. An information recording/reproducing apparatus 
according to claim 33, wherein the restraint alleviation 
means comprises means for weakening the rigidity of the 

20 driving sub -means. 

35. An information recording/reproducing apparatus 
according to claim 33, wherein the restraint alleviation 
means comprises a spring structure. 

2G 

36. An information , recording/ reproducing apparatus 
according to claim 33, wherein the restraint alleviation 
means comprises a low rigidity material. 

30 3 7. An information recording/ reproducing apparatus 
according to claim 33, wherein the restraint alleviation 
means comprises wiring for applying to the thin film a 
driving voltage for driving the thin film. 
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38. An information recording/reproducing apparatus 
according to claim 7, wherein the information 
recording/ reproducing apparatus further comprises control 

5 means for controlling the main driving means and the driving 
sub -means. 

39. An information recording/reproducing apparatus 
according to claim 7, wherein: 

10 the thin film is formed on a base material? and 

the thin film is formed on the base material by using 
a film growth process. 

40. An information recording/reproducing apparatus 
15 according to claim 39, wherein the film growth process 

comprises a direct film growth process. 

41. An information recording/reproducing apparatus 
according to claim 40, wherein the thin film comprises a 

20 metal film, an underlying layer, a thin film piezoelectric, 
and a metal electrode film, which are sequentially layered 
on the base material. 

42. An information recording/reproducing apparatus 
25 according to claim 40, wherein the thin film comprises an 

insulation film, a mel;al film, an underlying layer, a thin 
film piezoelectric, and a metal electrode film, which are 
sequentially layered on the base material. 

30 43. An information recording/reproducing apparatus 
according to claim 40, wherein the thin film comprises a 
metal film, an underlying layer, a thin film piezoelectric, 
and a metal electrode film, which are sequentially layered 
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on the base material in a vacuum chamber. 

44. An information recording/reproducing apparatus 
according to claim 40, wherein the thin film comprises an 
5 insulation film, a metal film, an underlying layer, a thin 
film piezoelectric, and a metal electrode film, which are 
sequentially layered on the base material in a vacuum 
chamber . 

10 45. An information recording/ reproducing apparatus 
according to claim 40, wherein: 

the thin film comprises a metal film? and 
the metal film is formed by either a vacuum process or 
a process in a liquid. 

15 

46. An information recording/reproducing apparatus 
according to claim 39, wherein the film growth process 
comprises a transcription process . 

20 47. An information recording/ reproducing apparatus 
according to olaim 46 , wherein the thin film is formed of 
a multilayer film having a metal film, a thin film 
piezoelectric, atn underlying layer, and a metal electrode 
film, adhered on the base material. 

25 

48. An information „ recording/ reproducing apparatus 
according to olaim 39 , wherein the thin film and the slider 
are disposed along a tracking direction of the head. 

30 49. An information recording/reproducing apparatus 
according to claim 39, wherein the thin film is formed on 
the base material in such a manner that the thickness 
direction substantially coincides with a tracking direction 
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of the head. 

50 ♦ An information recording/reproducing apparatus 
according to claim 39, wherein the thin film is formed on 
5 the base material in such a manner that the thickness 
direction is substantially perpendicular to the disk 
surface* 

i 

51. An information recording/reproducing apparatus 
10 according to claim 39 , wherein; 

the base material is elastic; and 

the base material has a thickness such that a f lexural 
rigidity required for allowing the slider to follow the 
waving disk surface and a displacement required for tracking 
15 are both obtained. 

52 . An information recording/reproducing apparatus 
according to claim 51, wherein the thickness of the base 
material is equal to or greater than 0.3 Mm and equal to or 

20 less than 50 Mm. 

53. An information recording/reproducing apparatus 
according to claim 39, wherein the base material is formed 
of stainless steel. 

25 

54. An information , recording/reproducing apparatus 
according to claim 39, wherein the base material is formed 
of silicon. 

30 55. An information recording/reproducing apparatus 
according to claim 39 , wherein: 

the thin film comprise a thin film piezoelectric; and 
the thin film piezoelectric is formed by an rf 
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sputtering method, an ion beam sputtering method, a sol-gel 
method, a CVD method, or a laser ablation method. 

56. An information recording/reproducing apparatus 
5 according to claim 55, wherein the thin film piezoelectric 

comprises a PZT film. 

57. An information recording/reproducing apparatus 
according to claim 55 , wherein the thin film piezoelectric 

10 comprises a ZnO film. 

58. An information recording/reproducing apparatus 
according to claim 55, wherein the thin film piezoelectric 
comprises a PVDF film. 



15 



20 



59 . An information recording/reproducing apparatus 
according to claim 39, wherein the thin film is formed on 
both sides of the base material so as to interpose the base 
material therebetween. 



60- An information recording/reproducing apparatus 

according to claim 39, wherein: 

the thin filfri comprises a thin film piezoelectric; and 
the thin film piezoelectric is entirely covered by an 
25 insulation film. 



■61. An information recording/ reproducing apparatus 
according to claim 60, wherein the insulation film 
comprises a material whose main component is polyimide, an 
30 SAM film, an LB film, or a nitride. 



62. An information recording/reproducing apparatus 
according to claim 7, wherein; 
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the thin film comprises a pair of thin films; 

the pair of thin films are disposed substantially 
parallel to the disJc surface? and 

voltages having reverse phases are applied to the thin 
5 film provided on one side of the head and the thin film 
provided on the other side of the head so that the thin films 
warp in opposite directions. 

63. An information recording/reproducing apparatus 
10 according to claim 7, wherein: 

the thin film comprises a pair of thin films; 

the pair of thin films are disposed substantially 
parallel to the disk surface? and 

voltages having the same phase are applied to the thin 
IS film provided on one side of the head and the thin film 
provided on the other side of the head so that the thin films 
warp in the same direction. 

64. An information recording/ reproducing apparatus 
20 according to claim 39 , wherein the thin film comprises an 

underlying layer. 

65. An information reaording/reproducing apparatus 
according to claim 64, wherein the underlying layer 

25 comprise^ a PT layer, a PLT layer, a PBT103 layer, an SrTiOS 
layer, or a BaTi03 layer. 

66. An information recording/ reproducing apparatus 
according to claim 65, wherein the PLT layer contains 

30 substantially no Zr. 

67. An information recording/reproducing apparatus 
according to claim 64, wherein: 
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the thin film comprises a metal film which is layered 
adjacent to the underlying layer; and 

the metal film comprises either a platinum film or a 
titanium film. 

5 

68. An information recording/reproducing apparatus 
according to claim 39, wherein the base material includes 
wiring for applying a voltage to the thin film. 

10 69. An information recording/reproducing apparatus 
according to claim 68, wherein the wiring is formed after 
the thin film is formed on the base material. 

70. A method for manufacturing a head support meahanism 
15 comprising a head and a slider for carrying the head, the 

head being caused to track by main driving means, wherein: 
the head support mechanism further comprises driving 
sub-means comprising a thin film and causing the head to 
have a micro -movement; the driving sub-means causes the head 

20 to have a micro -movement by utilizing f lexural deformation 
of the thin film; the thin film is formed on a base material; 
and the thin film is formed on the base material by using 
a film growth process, comprising? 

a first step of forming the thin film on the base material 

25 by using, a film growth process; and 

a second step of attaching the slider carrying the head 
onto the base material. 

71. A method for manufacturing a head support mechanism 
30 according to claim 70, wherein the first step comprises a 

third step of forming the thin film on the base material 
by using a direct film growth process. 
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72. A method for manufacturing a head support mechanism 
according to claim 71, wherein the third step comprises a 
fourth step of sequentially layering a metal film, an 
underlying layer, a thin film piezoelectric, and a metal 

5 electrode film on the base material. 

73. A method for manufacturing a head support mechanism 
according to claim 71, wherein the third step comprises a 

' fourth step of sequentially layering an insulation film, 
10 a metal film, an underlying layer, a thin film piezoelectric , 
and a metal electrode film on the base material • 

74. A method for manufacturing a head support mechanism 
according to claim 71 , wherein: 

15 the thin film comprises a metal film; and 

the third step comprises a fourth step of forming the 
metal film by either a vacuum process or a process in a 
liquid* 

20 75 . A method for manufacturing a head support mechanism 
according to claim 70, wherein the first step comprises a 
third step of forming the thin film on the base material 
by using a transcription process, 

25 76, A method for manufacturing a head support mechanism 
according to claim 75 ^ wherein the third step comprises: 
a fourth step of sequentially layering a metal film, 
an underlying layer, a thin film piezoelectric, and a metal 
electrode film on a transcription substrate; 
30 a fifth step of adhering the base material to a layering 

surface of the transcription substrate; and 

a sixth step of removing the transcription substrate 
from the metal film. 
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77. A method for manuf acturlng a head support mechanism 
according to claim 76, wherein the transcription substrate 
is formed of MgO, sapphire , strontium titanate, or silicon. 

5 

78, A method for manufacturing a head support mechanism 
according to claim 70, wherein the base material is formed 
of stainless steel. 

10 79. A method for manufacturing a head support mechanism 
according to claim 70, wherein the base material is formed 
of silicon. 

80. A method for manufacturing a head support mechanism 
15 according to claim 70, wherein: 

the thin film comprises a thin film piezoelectric; 
the first step comprises a third step of forming the 
thin film piezoelectric by an rf sputtering method, an ion 
beam sputtering method, a sol-gel method, a CVD method, or 
20 a laser ablation method, 

81. A method for manufacturing a head support mechanism 
according to claim 70, wherein the first step comprises a 
third step of forming the thin film on both sides of the 

25 base material so as to interpose the base material 
therebetween . 

82. A method for manufacturing a head support mechanism 
according to claim 70, wherein: 

30 the thin film comprises a thin film piezoelectric; and 

the first step comprises a third step of forming the 
thin film piezoelectric. 
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83, A method for manufacturing a head support mechanism 
according to claim 82, wherein the thin film piezoelectric 
comprises a PZT film. 

5 84* A method for manufacturing a head support mechanism 
according to claim 82, wherein the thin film piezoelectric 
comprises a ZnO film. 

. 85. A method for manufacturing a head support mechanism 
10 according to claim 82, wherein the thin film piezoelectric 
comprises a PVDP film, 

86, A method for manufacturing a head support mechanism 
according to claim 70, wherein: 
IS the thin film comprises a thin film piezoelectric; and 

the first step comprises a third step of entirely 
covering the thin film piezoelectric with an insulation 
film. 

20 87 * A method for manufacturing a head support mechanism 
according to claim 86, wherein the insulation film 
comprises a material whose main component is of polyimide, 
an SAM film, an LB film, or nitride, 

25 88* A method for manufacturing a head support mechanism 
according to claim 70 , wherein the first step comprises a 
third step of forming the thin film on both sides of a 
position at which the head is attached with respect to 
tracking direction of the head. 

30 

89. A method for manufacturing a head support mechanism 
according to claim 70, wherein: 

the thin film comprises an underlying layer? and 
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the first step comprises a third step of forming the 
underlying layer. 

90. A method for manufacturing a head support mechanism 
5 according to claim 89, wherein the underlying layer 

comprises a PT layer, a PLT layer, a PBTi03 layer, an SrTi03 
layer, or a BaTi03 layer* 

91. A method for manufacturing a head support mechanism 
10 according to claim 90, wherein the PLT layer contains 

substantially no Zr. 

92. A method for manufacturing a head support mechanism 
according to claim 89, wherein the first step comprises a 

15 fourth step of forming a metal film which is layered adjacent 
to the underlying layer; and 

the metal film comprises either a platinum film or a 
titanium film. 

20 93. A method for manufacturing a head support mechanism 
according to claim 70, wherein the method for manufacturing 
a head support mechanism further comprises, after the thin 
film is formed on' the base material, a third step of forming 
wiring on the base material for applying a voltage to the 

25 thin film. 
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ABSTRACT 

A head support mechanism comprises a head and a 
slider for carrying the head, the head being caused to track 
5 by main driving means, wherein: the head support 
mechanism further includes driving sub-means comprising a 
thin film and causing the head to have a micro -movement; 
and the driving sub-means causes the head to have a 
micro-movement by utilizing flexural deformation of the 
10 thin film. 
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Full name of fourth joint Inventor, if any (given name, family name) jjjri eici kuwajima ^ 

Fourth Inventor's signature kU&fi&X iW^W i Da te J</*e V . I 

Residence J<vojo. Japan J f\£ 

Post Office Address 38^3. ShlmobetiotiBho. Kllashlrakawa. 5akvo-ku 
ttvntn,ahi Kvr>ff>finft>ft?8S Japan 

Full name of fifth Joint Inventor, if any (given name, family name) Kawiehl SAKAMOTO 

Fifth Inventor* signature pfi^J*, ^XlAtUMf&o Date Jc/Jfe Cf . I 

RGsldancejgggteJaein JrV" ' 
Citizenship Jcnanase 

Post Office Address 1-A-1-223. Uanohlffaahl. Tovonaka-ahl 
Osaka 560-0015 Jsoan 

Full name of sixth joint Inventor, If any (given name, family name} Keoru MAT5UOKA 

Sixth Inventor's signature ^^ f ^J^ ^~ Date Jutte ¥ . I 

Re&Fdence Oeakn, Japan ^ 'p \/ 
Citizenship Japanese 

Post Office Address 2-4-17. MorTsholl. A&alfrku. Osaka-shl 
Osaka 335*0013 Japan 

Full name or seventn joint Inventor, if any (given name, tanriliy name ) Jga&uJSa ilNQ 

Seventh Inventor's signature J 6»> (p** 4? ^H/V^ Date Jutl? ¥ , 

Residence Nara, Japan vj f\£ 

atizen8hip"iii2io.9S.e 

Post Office Address 5-7-22. Tazukavama. Nam-ahl 
NaraB31-nn53Janan 

Full name of elfjhth joint inventor, I f any (giv en name, family name) Satoru FUJI! 

Eighth Inventor's slnnalura ^tdm& J^pji^ ~ ~~ ' Date JithP ft ,. ±P 9f 

Residence OffjfoJaftan 
Citizenship Japaneae 

Post Office Address M4-12Teukawakl. Takatauki-ahl 
Osaka 569-1036 Japan 
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